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THE ANALCITE- AND LEUCITE~BASANITES
OF EAST LOTHIAN.

dintroduction.

Since the issue of the second edition (1910) of
the Geological Survey Memoir on "The Geology of East
Lothian", very little has been published on the detailed
petrography of the basic intrusions of the area. T.C.
Day (1925, 1932) in his descriptions of the numerous
volcanic vents occurring along the coast from Weak Law to
Whitberry Point, mentions the presence, in association
with them, of several intrusions of 'monchiquitic' character.
In most cases he gives a brief petrological deseription of
the intrusives and in a few instances furnishes an analysis
also. Two of these intrusions, occurring in the Car Vent
and described by him as 'limburgitic' were re-examined by
Balsillie (1936) who showed them to consist of leucite-
basanite.

The basanitic intrusions of East Lothian occur in
association vith rocks of the Upper 01ld Red Sandstone and
Lower Carboniferous (Calciferous Sandstone) periods. With
the exception of the occurrences at Oldhamstocks and on the
shore a mile east of Dunbar, they all lie in that part of
the country lying to the north-west of the Southern Upland
Fault. In this area the rocks of Upper 0l1ld Red Sandstone



oy -
age are confined to a strip 1-2 miles in width occurring
alongside the fault and bounded on the north-west side
by the Dunbar-Gifford Fault. The Calciferous Sandstone
rocks consist of two groups of sediments of lower Cement-
stone and upper Oil-Shale age respectively, separated by
a thick pile of volcanic rocks. The lower group of
sediments includes marl cementstone and sandstone and is
separated from the lowest lava by a thick bed of ash. The
upper group consists of shale, marl, and volecanic con-
glomerate, The volcanic series, which includes a few
thin beds of ash, occurs in two well-marked lava-groups.
The lower and more basic of these consists of basalte of
Craiglockhart, Dunsapie, and Markle type, interspersed
with flows of mugearite, the succession being, in general,
one of decreasing basicity. An occurrence of kulaite
is recorded at the base of the group in the southern part
of the area. Two flowe of a somewhat similar nature
oeccur in a corresponding position in the North Berwick
distriet and will be described in the sequel (p.114).
The lavas of the upper group are mainly trachytic in
composition. As the general dip is westerly, the lower
and upper groups outerop over the eastern and western
partg of the area respectively. Volcanic vents are fairly
numerous, especially along the coast from Weak Law to the
Dunbar district. Isolated occurrences are recorded from

several localities inland. Many of the intrusive stocks
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which are not seen associated with explosive deiritul
may yet represent the orifices of volcanoes. |

Intrusive rocks genetically related to the lavas
but tending to be more alkaline and richer in felspathoids,
ocecur aa. plugs, sills, and laccoliths at various horizonl.-
In addition to types which can be directly "matched" among
the lavas and are therefore presumably contemporary with
them, others such as phonolite, teschenite (including
‘essexite), quartz-dolerite, and basanite are represented,
and are, except phenolite, demonstrably later, in part
at least, than the lavas. Before discussing the
evidence for the age of the basanites, however, a brief
description of the group as a whole will be given.

They occur as sills and plug-like bodies which
are, roughly speaking, confined to the north and south
fringes of the area indicated above. The majority,
including most of the plugs are of small extent, many of
the latter occurring in vents in association with tuff
and agglomerate. Some of the sills, however, such as
those at Limplum and Chesters reach considerable dimensions,
the former having an outerop extending for about 3 miles.
Blocks of basanite from a few vents which contain no
visible intrusion will also be described in view of their
importance as evidence for the age of the group.

As a group, these rocks show certain well-marked
characteristics which are enumerated by Bailey in the
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Memoir, To summarise, they are, when fresh, invariably
black compact rocks, typically fine-grained, but in the
larger sills locally coarser.,  Where exposed in quarries
or on the shore, the sills show welle-developed columnar
Jointing. The plugs are also well jointed, platy parting
being developed near margins. A characteristic feature
is the presence of analecite 1n erystals, usually about 2-3
mm. in diamot.or, having poecilitic relations to the other
minerals. They appear on the fruhly broken surface as
emall rounded areas, each of which is seen to have a lustre,
as of a cleavage face, when light reflected from it catches
the eye. On the weathered surface they appear as light
spots which may be distinet or may fuse together to a
greater or less extent. The analecite crystals thus
simulate the habit of phenoerysts and the structure is
therefore known as pseudoporphyritic. Microphenoerysts
‘of olivine are invariably present usually in considerable
numbers and often accompanied by scattered large pheno-
erysts of the same mineral. Though sometimes fairly
fresh they are more often replaced by red or dark green
products, Porphyritic augite is often present, usually
in subordinate amount to the olivine. In migrosection,
the crystals of this mineral usually show colour-zoning
from green chrome-diopside or pale purplish titanaugite
interiors to deeper purple mrgins: Seive-structure,

produced by a vermiculate resorption of the interior zone,
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is typical. The groundmass consists in all cases of
granular titanaugite and magnetite, plagioclase laths and
accessory apatite, the proportions varying in the different
types. Other minerals such as nepheline, orthoclase,
albite, biotite and hornblende may be present in important
or minor amount. In some occurrences sporadic large
erystals of augite may be detected. The presence also
of peridotitic and gabbroitic nodules is discussed at
length by Bailey (ibid).

As regards the age of these intrusions, there is
& lack of conclusive evidence. Several, notably the
Black Rocks, Eyebroughy and West Fenton sills are seen to
be intruded into sediments overlying the trachyte lavas.
The presence of extrusive equivalents of the basanites
has not so far been proved. One occurrence, that on
the shore a mile east of Dunbar, has been suggested as
such by Clough in the Memoir. In a later section (p.96 )
evidence will be reviewed which at least casts doubt on
this interpretation.

The intimate association of basanite intrusions
with volecanic vents is a potential source of evidence
for their age. The following points are significant in
this connection. The verita at Partan Craig, the Yellow
Man, Gin Head, and the Car, all contain numerous blocks
of basanite. These vents and the others occurring along
the coast, contain, according to Day, no recognisable
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blocks of any rocks other than those of Caleciferous
Sandstone age, except in one isolated instance of a doubi-
ful coral limestone in the Gin Head vent. In a few vents
trachytic agglomerate occurs, indicating a late Calciferous
Sandstone age at least for the final activity.

Dykes of sediment of Calciferous Sandstone facies
filling earthquake or shrinkage fissures arc reperted by
Day and also by A.G. MacGregor (1936) from several vents
east of Nerth Berwick. Particularly good examples are
seen immediately to east and west of the Yellow Man Vent.
The interpretation as such of certain dyke-like inclusions
of sedimentary material in the basanite of the Leithies
is open to doubt, They are unstratified and some at least
suggest "rolled out" xzenoliths.

The implications are, then, that intrusion of
basanite was in part contemporary with explosive volcaniec
activity, and that in some vents at least, activity had
ceased before the end of Calciferous Sandstone times.
Undisturbed vent plugs however, testify to the continuation
of the intrusive phase after explosive activity had ceased.
The age of these later intrusions is doubtful, The
fact that basanites are not known to occur intruded into
sediments of later age than the Calciferous Sandstone period
is no guarantee that they did not at one time invade higher
horizons. They show petrological affinities to the
basalts of Hillhouse type occurring in the Burntisland and
Bathgate districts, and which were extruded between Upper
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Caleiferous Sandstone and Upper Carbomiferous Limestone
times, (Falconer 1906, and Allan 1924). Tyrell (1923)
peints out that - "The monchiquites and analcite basalts
of East Lothian agre remerkably similar to the rocks
intrusive into Permian velcanic vents of Fife and Ayrshire.
It is at least a probability therefore, that they are
really connected with late-Carboniferous or Permian
vulcanicity."

In the Memoir, Bailey, referring to the fine-
grained basic intrusions of East Lothian, states that =~
"Under the microscope most of these intrusions show
themselves to be members of a rock series, in Brdgger's
sense, including every gradation from augite-monchiquite
td basalt. This continuous series has, however, been
arbitrarily divided into two groups." The latter
comprise (a) "Monchiquites together with doubtful nepheline-
basalte" and (b) "Fine-grained porphyritic olivine-analcite
basalts."

Sectiong cut from the majority of the known intrusion
show that Bailey's suggestion of a continuous series,
although it indicates the general trend of the variation,
is not quite comprehensive enough to give a true coneeption
of the relationships involved. A serial gradation exists
in the variation of the amount of augite from basaltic to
lamprophyrie proportions and the corresponding decrease
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in felspar. Complications are however inirodueod when
the distribution and habit of analeite are considered.

In a few intrusions, analeite occurs in minor
quantity only. In these cases the amounts of felspar
and augite are of the "basaltic" order, enabling the rocks -
to be classified among the microporphyritie basalts, of
the Dalmeny type in particular. Other instances occur
in which the general characters of the rock, and in
particular, the amount and habit of the analcite, are
strongly m-:ggutivo of the finer-grained or 'basaltic’
teschenites. Except for a few glassy rocks whose
relations will be considered separately, the rest of the
intrusions contain, in each case, sufficient prinaz;y
analeite to permit of their classification as basanites.

The pseudoporphyritic habit of theanalcite is
peculiar to these rocks as a group, being developed to a
greater or less degree of distinctness in each one of them,
Among themy also, the proportions of augite and felspar
vary in the manner indicated above. A natural division
occurs however at approximately the same point as that
suggested by Bailey. It is found that certain of the more
lamprophyric rocks (melabasanites) possess common
character:utics', apart from their high augite content,
which render them easily distinguishable from the other
basanites and melabasanites. They will be referred to
as 'the Chesters type' after the locality in which they
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occur in best development. Those basanitie rocks which
contain leucite will also be treated as a separate division.
Three main divisions may therefore be distinguished:
A+ Analcite-melabasanites of Chesters type.
Bs Analecite-basanites and other analcite-melabasanites.
C. Leucite-basanites, (including kulaites).

A ANALCITE - MELABASANITES OF CHESTERS TYPE.

- — - - — - —— - - ——— -~

Rocks belonging to this type occur at the following
localities:~

(a) Chesters, near Garvald, in the south part of the
areaj a sill in the Upper 0ld Red Sandstone.

(b) Stenton, close to the Dunbar-@ifford Fault, 4 miles
north-east of Chesters; two plugs in the Basal Ash of the
Volcanic Series.

(e) North Berwick; four small plugs in a vent on the
Lecks shore, (pl.III); also a small plug in the Basal Ash.
near Swiney Craigs.

(d) The Leithies (pl.IV) on the shore 1 mile east of
North Berwick; a sma}l laccolith in the Basal Ash,

(e) Partan Craig, Yellow Man and Gin Head Vents (pl.IV)
also oun the shore east of North Berwick: blocks in the

vent-agzlomerates.
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{a) Chesters Sill.

About a mile west of Garvald, and lying immediate-
ly to the south of Whitelaw Hill, an occurrence of basic
intrusive rock gives rise to a broad elongated ridge
stretching for about a mile in a south-easterly direction.

‘Thorégtcrop is half a mile 1niwid£h7it its ng;th-west end
and narrows to a furlong at its other extremity. The
rock is in the form of a sill intruded into Upper 01d Red
Sandstone strata and dipping gently to the south-west,
where it is truncated by a strike fault. The north-east
margin is also determined by a fault - the Dunbar-Gifford
Fault. At the northern end a deep fluvio-glacial channel
cuts through the sill exposing the underlying sediments.
Only the higher parts of the ridge are free from drift
deposits, and cultivation has reduced the natural exposures
to a few small outcrops on the sides of the east-west dry
valley. Thus the study of the sill has been largely
confined tomthe excellent artificial exposure of Chesters
quarry which lies just south of this valley.

The rock in the quarry shows a well-developed
columnar jointing perpendicular to the plane of the dip.
The weathered surface is of a red-brown colour relieved by
numerous lighter spots. These have rounded outlines, a

diameter varying from an eighth to a quarter of an inch,
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and are usually closely crowded so that they more or less
fuse together.
The freshly broken rock is dark, fine-grained
and shows abundant microphenoerysts of olivine, sometimes
fresh, more often altered to red or dark green products.
Numerous small rounded areas with a faint lustre correspond
in size and distribution to the light spots described above,
and represent pseudoporphyritic analecite crystals. Scat-
tered occurrences of small vesicles are seen to contain
white or fgintly reddish radiating fibrous zeolites.
Locally, throughout the quarry, the rock is
traversed by fine veinlets of dark orange-red crystalline
material, Most of these veinlets are sub-parallel to
the base of the sill. They vary in thickness from a few
millimetres to a centimetre and show frequent branchings
and discontinuities, Their habit suggests that they
owe their origin to a concentration of residual liquor
in irregular shrinkage partings developed in the rock
before the groundmass has completely consolidated. Micro=-
scopic examination confirms this, and reveals also that the
red colour is due to the abundiance of zeolitic decomposition
products of nepheline, stained orange-red by ferric matter.
In certain parts of the quarry the rock is seen
to be completely permeated by this coloured vein-material.
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Various steges can be traced from the normal dark rock
to a phase in which abundant phenocrysts of ungité up
to 8 mm, long can be seen embedded in the orange-red
material as grounduess. These transition stages will
be deseribed in detail later. The permeation zénes
eonaiit cglofly of lAfoéki;hich in li; niih chnractoféi
is sbout midway between the two extreme types just
mentioned, and will be referred to in the sequcl as the
"medium phase". The coarse phase is seen in irregular
schlieren, withAl maximue observed width of three feet,
occurring only in the medium phase.

In order to describe the distridbution of the
above phases with any exactness, some account of the quarry
ac a whole must first be given,

The sketch maps below give its position and lateral
dimensionss The average height of the sides is about
25 feet. Sides 1, 1I, and 111 have stecp faces with
columnar jointing showing on the last two. F, F.are
vertical planes of dislocation, one of which F; forms &
large portion of Side I. They lie parallel to the main
gtrike fault which bounds the sill on the scuth-west side.
The distr ibution of the vermeation phases seems to point
to sppreciable movement having teken place along these

fault planes. At 4, in a depth of 6 feet from the top
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of the quarry all phases are seecn in 2 zone which is
bounded laterally by F and F and appears to have a general
vestward dip. As it is truncated above, there is no

means of estimating its original depth. No such modi-

fication is seen at B between the same faults. Again, at
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C, all phases are seen in 2 zone which occupies the whole
depth of the 25ft. cliff and which is bounded laterally
by fsult plane F . In the lower part of the cliff trans-
tition stages to the normal rock are seen,suggesting that
this zone does not extend much below this level. Again,
the top is truncated by the guarry edge. The absence,
except for a few veins, of the permeation phases in face
11, where a continuation of zone C might have been expacted,
leads to the conclusion that these zones of abnormal rock
do not always occur as layers parallel to the base of the
sill, as suggested by zone A.

The Chesters HRock has been known to petrologists
since the final decade of last century, chiefly through
the writings of Hatch (1892) and Rosenbusch (1508). By
By virtue of its iscotropic ground-base it had been named
limburgite (Hatch) and monchiquite (Rosenbusch) until
E. B. Bailey in "The Geology of East Lothian" emphasised
the presence of nepheline and classed it as a "doubtful
nepheline basalt".

The following account of the "normal" rock necess-
sarily embodies previously published detail. The incor-
tporation of several new observations, however, may serve
as an excuse for some repetition.

THE NORMAL ROCK, (P1.1,1)

The thin section shows abundant microphenocrysts
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of olivine and a few of augite. Occasional glomero-

porphyritic aggregates of augite occur and also olivine-
augite intergrowths. The olivines are well-formed
erystals usually just under 1 mm. long. Occasionally
they are quite fresh but are more often seen in various
stages of alteration to chloritic minerals and limonite.
The pyroxene is the familiar purplish titanaugite of the
Carbo-Permian Igneous Province. The phenocrysts have
paler centres and show"seive structure” or corrosion
porosity due to magmatic resorption.

The groundmass consists of abundant small prisms
of purplish titanaugite together with considerably fewer
magnetite grains of similar or slightly larger size. A
few small flakes of biotite are present. Apatite occurs
as prominent, frequently skeletal prisms, often # mm. long
and enclosing sub-ophitically augite and magnetite grains.

The interstices are occupied by felspar, a little
nepheline and much analcite. The felspar is a plagioclase
usually of a composition about labradorite but occasionally
more sodic., It is sometimes seen to be bordered by albite,
and occurs as somewhat elongated plates up to 1 mm. long,
enclosing poecilitically the augite magnetite and apatite
of the groundmass. A little albite is present also,
usually associated with the nepheline. Occasionally
some small plates of orthoclase may be observed. The
nepheline occurs in small prisms seen in varying stages

of decay to reddish-stained zeolites. It appears to
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have crystallised after the basic plagioclase but before or
along with the albite and before the analecite. The
rems inder of the groundmass, about two-thirds is occupied
by analcite and small patches of zeolite of the same kind
that is derived from the decomposition of nepheline. Thé
bulk of the analcite 1s clear and yellowish in colour and
forms rounded areas separated, to some extent, by cloudy
analcite and zeolites, and enclosing poecilitically all the
other groundmass minerals. These analcite areas evidently
correspond to the lustrous spots seen on the hand specimen
and so may be recognised as individual analcite erystals,
In the slide, as in the hand specimen, they are seen to be
ecrowded together, making their character less obvious at
first sight. The analcite contains inclusions of fine
apatite needles and, locally, groups of radiating slender
fibrils of a black substance, presumably an iron oxide.
with similar habit, and. sometimes intermingled with these,
occur clusters of fine, elongated, branching flakes of
brown amphibole. Small ragzed flakes of red brown biotite
are also seen.

The normal rock in the quarry does not show much
variation in texture. Specimens from the detached
outerop to the north of the dry valley showed & considerably
finer grain, as might be expected from their inferred
position nearer the base of the sill. No veins were
detected here; otherwise the petrology of the roék is

similar to that in the guarry.
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Veins, (P1.1,4,5,6)
In the description of the field characters of the

rock mention was made of the velnlets which can be detected
in varying numbers over most of the guarry exposure. They
are not regularly parallel to the base of the sill, although
this is their gemeral trend, but are frequently seen to
branch and curve into vertical planes as if their rormatibn
had been influenced by horizontal as well as vertical
tensions.,

The mineral content of the veins may be briefly
summarised as follows. A varying amount of titanaugite,
titanomagnetite, and plagioclase occurs, all in abnormally
large or "pegmatitic” development. In this category also
may be placed some brown hornblende and early-formed apatite.
These minerals are associated with a groundmass which forms
the main bulk of the vein and consists of nepheline, aslkali
felspar, analcite, and zeolites with apatite and small
amounts of pyroxene, amphibole,and biotite as accessories.

The titanaugite occurs in scattered, well-formed
prisms up to 2.5 mm. long and of a deeper purple colour
than the pyroxene of the adjacent normal rock, indicating
a higher content of titanium. Concentric colour zones
are sbsent but hour-glass zoning and lamellar twinning are
common . The titanomagnetite is seen in crystals which
frequently exceed.5 mm. in diemeter and sometimes show
skeletal development. On the sideq of the vein the

augite and magnetite of the groundmass of the normal rock
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~occur es individuals of larger size, and the crystals of

these minerals occurring in the vein may be seen to be
"rooted™ in the rock groundmass. Similerly the plagioclase
crystals are sometimes"shared" by rock and vein. A few
chloritic pseudomorphs after olivine occour in the vein near
the margins, They probably represent orystals separated
from the normal rock during the process of disruption.

The brown hormnblende occurs in narrow blades sometimes
reaching 2 mm. in length and is usually completely replaced
by bright green chlorite. Both augite and magnetite
enclose stout prisms of apatite which frequently exceed 1 mm,
in length and typically show skeletal develaopment . The
plagioclase ocours in tabular crystals sometimes reaching

& length of l.5mm. Their composition varies from lsbradorite
to oligoclase and they are frequently seen to be bordered by
albite. They show replacement by analcite along cracks

and cleavages,

The groundmass of the vein contains a large pro-
portion of nepheline, occurring in short prisms up to § mm,
in diameter. They may be euhedral or may show skeletal
intergrowths with albite and also inclusions of skeletal
pyroxene. These characteristics of the nepheline will
be discussed more fully in the next section (p.33 ). The
nepheline prisms may be seen enclosed in the oligoclase
felspars and in the sodic borders of the more calcic

plagioclases., It shows various stages of decomposition

to zeolites whose reddish staining is responsible for the
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for the orange-red colour which characterises the veins

in hand specimen. Small plates of albite occur inter-
stitially to the nepheline, sometimes intergrown with it,
Abundant small, slender laths of orthoclase are present,
simply_twinned and occurring typically in radiating clusters.
The veins are notable for a relatively high concentration
of apatite and in addition to the larger prisms of this
mineral mentioned above abundant smaller prisms and needles
occur throughout the groundmass. Small ragged flakes of
brown biotite are present and also pale greenish or purplish
augite typically in bundles of parallel or radially divergent
skeletal rods. A few small imperfect prisms of browne
greén amphibole and also some slender rods of ilmenite were
observed.

~n important consituent of the groundmass is elear
yellowish analcite which occupies approximately the same
bulk as the material just described. It has & refractive
index of 1.491 and occurs in masses which have mammillated
outlines and apparently consist of accumulations of rounded
individuals, with an average diameter of about 4 mm, The
boundaries of these within the mass are sometimes marked
by lines of cloudiness and darker colour, and each one
contains; typiecally, radially arranged inclusions. By
analogy with the rounded individuals occurring in the ground-
mass of the rock, each of these probably represents a

distinet erystal of analecite. The latter mineral appears

to have replaced the nepheline-alkali felspar groundmass
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as it contains relics such as corroded nepheline prisms

and bundles of pyroxene rods with interstitial nepheline,
albite, and zeolites. The analeite is characterised
by the peculier habit of its inclusions of ilmenits,
brown hornblende, and pale green aegirine-augite. Each
of these minerals is developed in numerous elongated
slender individuals which are usually radially arranged
in the rounded components of the analcite mass. Ilmenite
is most abundant, occurring in fibrils which sometimes
appear bent and twisted near the periphery of the rounded
section. The hornblende occurs in thin ragged laths
which assume a parallel more often than a radiating
formation. The pyroxene is in fine rods which may also
occur in either parallel or radiating arrangement.

Both felspathic and analeitic parts of the ground=-
mass have been replaced in patches and vein-llike streaks
by late colourless cloudy analcite and also zeolites, the
latter evidently representing decompositlion products of
nepheline which have migrated from the pseudomorphs of
that mineral. In the felspathic groundmass these patches
sometimes have tengentially arranged biotlite flakes, thus

producing the true ocellar structure.

The veins were apparently opened after the
erystallisation of the olivine and most of the augite
and magnetite of the rock groundmass. The concentration

of early spatite in the veins indicates that this mineral
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had not yet erystallised in the parent rock. The late
accumulation of phospheric acid and titanium oxide
characteristic of the basic alkaline rocks of the Carbo-
Permian Igneous Province is manifested here in the
abundance of late apatite, the precipitation of ilmenite
from analcite, and the deeper purple colour of the large
pyroxenes.

The clear yellowish analeite of the veins is
identical in appearance and inclusions with the rounded
erystals occurring in pseudoporphyritic habit in the |
groundmass of the rock. Also it must be distinguished
from the later cloudy colourless analeite which contains
no characteristic inclusions, has & lower refractive index
than the yellowish mineral, and may be seen to replage
the latter.

In dealing with these a2bnormal types it is
proposed first to describe the "mecium® or average grade
which represénts the bulk of the development and then the

coarse schlieren. The various transition stages will
then be discussed,
M P 22 FPlsli.3)e

A brief sunmery of its features may be helpful in

forning a general impression of this roeck as seen in
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microsection. Fairly abundant miocrophenocrysts of
olivine and augite are set in a groundmass of which half
consists of augite and magnetite grains, the bulk of the
remainder consisting of nepheline and its associated
decomposition products. Some alkalil felspar and cloudy
analcite are also present and apatite forms a conspicuous

. BCCeRS0TY .«

The olivine phenoerysts are larger than those of
the normal rock, usually exceeding 1 mm. in length. They
are sometimes fresh, more often decomposed to chlorites,
bowlingite, and iron oxides. A little brown biotite is
associated with the decomposition products.

The augite phenoccrysts are of a similar average
size and occur in similar quantity. 4 few megaphenocrysts
exceeding 3 mms., in diameter occur and occasionally
giomeroporphyritic aggregates and augite-clivine inter=-
growths are seen. The augites have typically & pale
greenish central zone of chrome-diopside and a titaniferous
zone of purple augite marginally. They invariebly show
"geive structure” in the inner zone where corrosion has
produced numerocus fine tubules filled with groundmass
material. Locally the titaniferous margin is strongly
corroded, numercus closely crowded vermicular cavities
having been produced. This is associated with the pre-
cipitation of small bleck grains of, probably, ilmenite
and an irregular regrowth of green sodic pyroxene, forming

a fringe on the phenocryst.
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The auglte of the groundmass occurs in grains

of varying size, clumps of small granules bLelng assoclated
with considerably larger prisms. They are of the usual
purplish colour, and occasionally show marginal corrosion
like that of the phenocrysts. They are not scattered
uniformly throughout the ground but tend to aggregate
in groups and strings forming an open mesh-work, Assoc=-
iated with the augites and of simllar size are some octa=
hedra of titanomagnetite,

Conspicuous in the groundmass arse prisms of
apatite which reach a length of 2,5 ma, and a dlameter
of ,13 mm. They may be seen included in the tltaniferous
zone of the phenocrysts. In the groundmass, apatite
prisms and asugite gralins are occasicnally seen to be
mutually anhedral, Elsewhere apatite encloses granular
auglte, It seems that the apatlte crystallised before
the last of the titanaugite and continued after it, The
outlines of the apatite crystals frequently show marked
imperfectionsg of the type usually attributed to megmetie
resorption, Such occurrences include some énclosed
in augite, but these may be cases of mutual anhedralism,
Thoge imperfect crystals occurring in the groundmass
may possibly owe their structure to corrosion, Another
type of crystal imperfection 1s revealed in the develop-
ment of skeletal crystals. A typlcal case appears in
crosa-section as a bundle of parallel prisms, sometimes
euhedral, sometimes with irregular outlines, In
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longitudinal section, these prisms are seen to be united

at intervals to form a single skeletal individual bearing
elongated inclusions of groundmass material.

0f the felsic minerals the earliest to erystallise
were a few tabular oligoclases sometimes showing & marginal
growth of albite. They are usually cloudy with irone-
stained decomposition products and are partly replaced by
zeolites and analcite. As in the normal reock they are
poecilitic to the femic minerals and apatite, but may
"avoid" these minerals by occurring within the meshes of
the openenetwork structure described above, The same
applies to the nepheline which occurs in prisms of varilous
widths and shows replacement to a greater or less extent
by the characteristlic association of zeolites to be
described below. It usually occurs associated with
interstitial platy albite which is sometimes simply
twinned and easily distinguished from the minor amount of
orthoclase occurring elsewhere in the slide by its positive
optic sign. The apparent skeletal development of nepheline
is agaln seen, Commonly, also, irregular intergrowths
of nepheline and albite occur In which the nepheline portions
have no definite shape. Where crystallographic planes
are developed however, it is always the nepheline which is
euhedral against the albilte. Some curious combinations of
the two minerals are seen; for instance a core of albite
surrounded by a "jacket" of nepheline to form a hexagonal
prisn, The impression glven by such occurrences is that
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the nepheline has undergone corrosive replacement by

albite. Since it is known from physico-chemical investi-
gation that the crystallisation relations of nepheline

and albite are of a eutectlc rather than a reactlon nature
it seems that the above structures must be explained by
simultaneous oryntallzsatibn rather than by resorption,

The nepheline is iasociated with a peculiar
development of pyroxene which occurs in irregular elongated
rods or small rﬁggod élatol occasionally moulded on the
nepheline prisms, more often enclosed in them and projecting
a little into the surrounding albite. This pyroxene (F.IL4,5) is
seen locally to be in continuity with the greenish out=-
growths from the augite phenocrysts.  These intergrowths
serve to indicate the comparatively extensive time range
of pyroxene crystallisation. It should be mentloned that
wherever pyroxene of this habit occurs it is invariably
associated with nepheline or nepheline-albite intergrowth.
It 1s also worthy of remark that a similar pyroxene=-
nepheline association has been reported by Tilley (1931)
from the contaminated dolerite of Scawt Hill, Antrim,

A little clear albite occurs elsewhere in the
groundmass either in asmall welle-formed prisms or in irreg=-
ular patches embedded in the geolltic base. Groups of
small soda-orthoclase latha are seen locally.

The remainder of the groundmass 1s occupled mainly

by zeolites stained in various shades of red-brown. They
appear to conslst entirely of nepheline decomposition
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products, some of which have evidently migrated from

the pseudomorphs of that mineral and recrystallised in
patches less deeply stained. A "highetlde mark" of
deeper red staining occurs as a line in the older ground-
mass immediately surrounding these patches. This
recrystallised zeolite 1s frequently associlated with
albite which may be seen as a narrow band lining the
cavity of redeposition.

In the final stages of its history the groundmass
of the rock was replaced locally by cloudy analcite and
some chlorite.

The Coarse Phase, (P1.I,3; P1.II,4,5)

In this phase auglte occurs only as phenocrysts
and as the irregular growths assoclated with nepheline.
Olivine phenocrysts are absent. The large augitesreach

a size of 8 ma, by 2 mm, They have no greenish centres
but are titaniferous throughout with a pleochroism from
pale brown to deep purple. Lamellar twinning and
hour-glass zoning are also seen, and many show the
marginal corrosion assoclated with precipitation of dark
oxlide and regrowth of green pyroxene that was notilced
inthe preceding rock description. Grains of titano~
magnetite of about .8 mm., dlameter are present, often
partly enoloaqd in the augite phenocrysts. They are
typically skeletal in development and are locally
replaced by leucoxene and limonite. Brown hornblende

occurs in groups of parallel short prisms of about .l mm,
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dlameter and is usually completely altered to green

chlorite or pale serpentine and limonite. It 1s posaible
that some of these prismatic pseudomorphs may represent
olivine.

In the groundmass abundant nepheline occurs in
prisus of various sizes, of which the largest seen measured
1.7 mm, by +7 mm, Groups of more slender parallel prisms
are characteristic so that clusters of hexagonal sections
are observed locally in the section, The skeletal habit
is somewhat less frequent than in the medlum phase,
poasibly owing to the lower proportion of albite present.
As before, skeletal growths of pale purplish or green
pyroxene are aléoclntod.with'tha nepheline, The latter
shows also the characteristic decomposition to zeolites
whose staining is responsible for the red colour of the
rock. The relative proportions of orthoclase and albite
are the reverse of those in the medium phase. Albite
occurs as a few vaguely defined plates usually associlated
with nepheline with which it shows intergrowth structures.
Orthoclase occurs in well-formed simply-twinned crystals
which tend to a radiate arrangement and vary in size from
slender needles to laths over 1 mm. long. The latter may
be seen moulded on euhedral nepheline., The entire base
of the rock consists of cloudy brown-stained zeolites
together with some clear yellowish analcite containing
characteristic inclusions of ilmenite and amphibole, the
latter in chloritic pseudomorphse. Apatite 1s present
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in prisms and needles of various sizes, embedded in all
the groundmass consgtituents and sometimes in the augite
phenocrysts. It is just as ebundant as in the medium
phase, but the prisms are on the whole much slenderer.
The absence of blotite from thisrock is worthy of note.

The transition stages from the normal rock to
the medium phase show a progressive increase in the
numbers of the auglte phenocrysts and in the size of these
and of the olivines. Auglte and magnetite grains become
larger and less abundant, the proportion of leucocratile
groundmass minerals showing a corresponding increase.
The content of apatite shows a marked increase as doea
that of blotite in the intervening stages. The latter
mineral dwindles to a mere remnant in the medlum phase.
There 1s a characteristic absence of the clear yellow
analecite which, as has been shown, reappears in small
quantity in the coarse phase. The platy plagiloclase
decreases in amount and albite and orthoclase increase.
There is of course, an increase in nepheline and its
associated zeolites.

Since the scarse phase occurs in schlieren with
a fairly abrupt margin, mineraloglcal transitions betveezi
it and the medium phase were not detected, Finer-
textured modiflcations however were observed., DBriefly,
the mineralogical changes from medium to coarse grades
may be summed up as absence of olivine, augite granules,
calcic plagioclase and blotite, presence of amphibole,
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and inecreased content of orthoclase in relation to the

amount of nepheline and a2lbite.

It was previously mentioned that the appearance
in hand specimen of the permeation phases suggests that
they represent the normal rpok with varying content of
"yein-matter”, The latter has been shown to be of late
consolidstion and to possess "pegmatitic" tendencies in
the sense that certain minerals, notably pyroxene and
magnetite in this case, develop a larger grain size, The
latter feature and also the presence in the vein of
abundant snalecite indicate that the original liquor which
filled the vein was rich in a "mineralising"™ fluid con-
taining a considerable proportion of water, Hence an
increase in the proportion of this liquor in the magma
would be expected to exert a corresponding influence in
the direction of "pegmatitic" growth during erystallisation.
It has been shown that such was the case, the grain size
of the permeation phases increasing in direct proportion
to the content of "vein matter”. The mineral development
in the coarse phase shows, in faot, a strong similarity
to that of the veins, differing of course in its larger
proportion of sugite =nd magnetite and the possible presence
in it of olivine, Since the vein contents were of later
erystallisation than the bulk of the femic minerals of the
normal rock, there is = possibllity that the erystallisation
of the entire coarse phase took pluce at a similar stage.
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This might also be expected, being the expression of

another "pegmatitic" terdency, nsmely, that of postponement 3
in presence of excess fluid, of the precipitation of =
minersl to a tempersture below that of its normal orystell-
isation. In this connection, it will be recslled that

the coarse phase occurs in schlieren in the medium phase,
suggesting that it was still mobile after the augite"network"
of the latter had taken shape.
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Explanation of Plate I,

1. (Ordinary light x 20). Chesters Quarry, "Normal
Rock".

Phenocrysts of fresh olivine and (in centre) of
augite. Groundmass granules augite and magnetite with
some apatite (light prisms). On left half of field
base is yellowish analcite (darker) and on right,
poecilitic labradorite, a little nepheline and zeolites.

2 (Ordinary light x 20). Chesters Quarry, "Medium
Permeation Phase". :

Phenoerysts of altered olivine (dark), and augite
(grey) . Groundmass augite and magnetite grains,
apatite prisms (some skeletal as on lower right). Most
of light material is nepheline partly converted to
hydronephelite (grey shading) and zeolite x. A few
orthoclase laths to right of centre.

3+« (Ordinary light x 20). Chesters Guarry, "Extreme
Permeation Phase".

Phenocrysts of titanaugite showing hour-glass zoning,
and skeletal titanomagnetite. Orthoclase laths in
clusters. Rest of groundmaes nepheline and albite.
Nepheline, partly converted to zeolites (dark grey),
shows hexagonal sections on upper right.

4. (Ordinary light x 40). Chesters Quarry, Veinlet
in Normal Reock. .

Grains of augite and magnetite; on right, radiating
orthoclase laths; numerous prisms of apatite (many in
eross section); rest of vein-filling is nepheline with
some albite.

5+ (Ordinary light x 40). Chesters Quarry, junction
between Veinlet and Normal Rock (lower right).

Latler contains an altered olivine phenocryst (liiﬁ‘)
and shows enlarged crystals of augite and magnetite 1 ing
vein margin. Vein contains titanaugite and magnetite
(upper central) and large plagioclaacu?upper right).
Lower, single chloritised amphibole prism, Groundmass
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consists of (ugf;: left) clear analcite with slender
inclusiong of nite hibole, and pyroxene. Else=-
where fine matrix of aikal felspar, nepheline, biotite
and apatite. 1In cantre, a "brush" of pyroxene rods
associated with albite and altered nepheline. Cloudy
pateches, as on left, are zeolites, biotite flakes (dark)
sometimes gidng ocellar structure.

6. (Ordinary light x 40). Chesters Quarry, Veinlet.

~ Large crystals of titanaugite enclosing apatite prisms
and magnetite grains., Base of clear analcite with
inclusions of (upper) ilmenite fibrils and (lower) brown
amphibole rods. Upper right, small part of rock ground-
mass showing enlerged crystals at vein margin.
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he Qccurrence and Alterati f the HNeph «(P1.II

The presence of nepheline in the Chesters quarry
rock was first suggested in 1892 by Hatch and later con-
firmed by Rosenbusch (1908). In the East Lothian Memoir,
Balley gives mineralogical details of the mineral and points
out that it resembles nepheline in most of its properties,
namely, hexagonal prismatic form, prismatic basal cleavage,
straight extinction, negative prismatic elongation, ieolitic
decomposition, gelatinisation with acids and the sssumption
of stain, end birefringence roughly equal to. that of apatite.
The refractive indices quoted, 1.526 and 1.522, are, however,
considerably lower than those of other recorded nephelines.

Examination by convergent light showed th&t the
mineral was uniaxial negative, and a redetermination of its
refractive indices placed the values at 1.530 and 1.526.

Reference was made to the graphs bublished by
Bannister and Hey (1931) showing variation of optical
properties in relation to composition of the nepheline-
kaliophilite series. They show that the average nepheline
has refractive indices of about 1.538 and 1.53%, corres-
ponding to a composition containing 168 of the kaliophilite

minal.
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They also indicate that decrease in potash lowers the
refractive indices, and extrapolation shows that the
indices of the Chesters rock correspond to a composition
dontaining about 4% kaliophilite. Such a potash content
is considerably less then the hitherto recorded minimum of
10%#. There is, however, no reason to believe that this
miperal is any other than an abnormal variety of nepheline.
If has been accepted zs such in the Glasgow District Memoir
by Bailey, who had previously given it the name neﬁheline X
(East Lothian Memoir).

Caleium occurs to some extent in natural nepheline
but the data of Bowen and Greig (1925) indicate that its
presence could not account for the low indices of the
Chesters mineral.

It is suggested that the latter should be known

as "soda-nepheline". Its occurrence among the rocks of

the Carbo-Permian Province is widespread, having been
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Explanation of Plate II.

ls (Crossed nicols x 65). Chesters Quarry, Veinlet
in Normal Roek.

Cross-sections of numerous nepheline prisms (in
extinetion position) embedded in albite., Many show
-;ot;tdﬁ g:\vth, particularly those in the upper part
0. e . :

R (Crossed nicols x 65)., Same as 1.

Hepheline in twinned oligoclase which is zoned to
albite marginally. Smaller dark spots in felspar are
magnetite, and dark areas on right are analcite.

3+ (Crossed nicols x 80). Chesters Juarry, wedium
Permeation Phase,

Crystal of nepheline in longitudinal extinetion
position showing ergrowth with albite (light, ceatral
and upper). Augite phenocrysts on lower left and ujper
right, Brililant flakes in nepheline are zeolite x.
This mineral also seen in another more altered erystal
of nepheline above augite on left,.

4, (Ordinary light x 40). Chesters Quarry, Extreme
Permeation Phase.

Upper left, phenocryst of titanaugite associated with
skeletal ti tite, Light material is mainly
nepheline with a little albite and a few orthoclase laths
(lower)., Grey shad in nepheline is zeolitic decome
position, The irre growths of dark mineral in the
nepheline are green pyroxene some of which is direectly
connected to the titanaugite phenocryst.

S5e (Ordinaiy light x 80). Same as 4.

Light mineral represeunts a cluster of closely grouped
nepheline prisms viewed in eross-section. The contain
intergrowtis of green pyroxene (dark) which is also seen
wizht:d on their hexagonal sections (upper left and lower
r »
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reported in teschenitic, theralitic, and essexitic rocks
in the Clasgow and Ayrshire districts.

An interesting comparison is afforded by the
nepheline which occurs in & nepheline-basanite from Partan
Cralg Vent described by Day and Bailey (1926). A study
of the rock revealed that when fresh it must have borne a
close resemblance mineralogically to the Chesters rock.
Determinztion of the refractive indices of the nepheline,
however, yielded the values 1.538 and 1.53% which correspond
to average values for ordinary nepheline.

The soda nepheline shows alteration to at least
three distinect zeolitic minerals.

One of these is fully described in the East Lothian
Memoir where it is sald to present ... "the same appearance
as nepheline x but is distinguished by its higner refractive
index and birefringence. Its lower index of refraction
is about 1.54% while it polarises in straw-yellow tints.
Further, it is positive with regard to its length so that
betweeﬁ'crossed nicols its intricate boundaries.against
the nepheline x shéw as thin black lines due to compensation.
On treatment with acids its opticzal properties are destroyed
and the residue appears to be clear and isotropic. It is
sufficiently distinguished from gibbsite by its straight
extinction. Its exact nature is unknown, but it is again
found in the west of Scotland associzted with nepheline x".

A redetermination of the refractive indices placed
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the maximum and minimum values a2t 1.560 and 1.549.

Examination with convergent light showed that the mineral
was optically positive and was either uniaxial, or biaxial
with a very small optic angle. Its polarisation colours
reached first order red which is consistent with the deter-
mined birefringence of .0ll. Its is always symmetrically
orientated on the nepheline, as indicated above, and
commences to replace a2 crystal at the ends or along crossing
cracks spreading in dense flaky aggregates along the prismatic
direction. The cross-section of the nepheline prism shows
that the alteration product grows in slender lamellae
alonga series of parallel planes situated at right angles

to the base. These planes appear to be in two sets inter-
secting at an angle of about 30°. The effect thus produced
resembles a discontinuous lattice-work or a series of over-
lapping pointed scales.

As to the nature of the mineral, thomsonite is the
first suggestion. The obstacles to its acceptance are the
size of its optic angle (47°-75°) and its lower refractive
indices. Bannister and Hey (1932) record 1.55 as a maximum-
value for fully hyderated thomsonite. Now the indices of
the mineral under discussion were determined from a micro-
section which had previously undergone sufficient heating
to lower appreciably the refractive indices of any zeolitic
product by dehydration. Hence it is probable that,

presuning the mineral to be a zeolite, its indices are some-



what higher than the determined values thus making the

possibility of its being thomsonite more remote. Asheroft-
ine, erionite, echellite and jacksonife are all inadmissible
on similar grounds although more or less corresponding in
other characters. It is probably a zeolite with a high
sodic content, akin to thomsonite, and it will be known for
the purposes of this paper as zeolite x. It is reported
in association with soda-nepheline in the Glasgow (Bailey
1925) and Ayrshire (A.C.MacGregor 1930) districts also.
Ordinary nepheline is known to alter on occasion to thomson-
ite. It is nor unreasonable to suppose that an abnormality
in the composition of the original mineral should be
expressed as a corresponding abnormallty in the alteration
product. They occur in intimate connection and both are
rare. Does soda-nepheline give rise to 2 soda-thomsonite?
The most abundant alteration product is a structure-
less or platy zeolite with typical undulatory extinction.
It replaces the nepheline from borders and cracks, no
particular direction being adhered to. It may be seen
also apparently replacing zeolite x and it is usually
stained yellow to reddish brown presumably by ferric
hydroxide. It gives a uniaxial positive figure with
convergent light, polarises in yellow tints, and shows
positive elongation with respect to & single faint eleavage.
1t sssumes no particular optic orientation in the pseudo-
morph. The refractive indices were determined as 1.500

and 1.%90. It thus corresponds in every particular to
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hydronephelite as deseribed by Clarke (1886), Larsen

(1921), Tilley (1931), and others. It differs from
natrolite in its uniaxial character, natrolite having an
optic angle of about 60°.

Hydronephelite is not of fibrous habit but frequent-
ly has this sppearance because of abundant inclusions of
another fibrous zeolite. The latter is rarely seen alone
and then only in recrystallised masses in vesicles. It
occurs in the hydronephelite sometimes in scattered granules
sometimes in dense growthsof fibres 1nwar1ap1y Lying
parallel to the positive direction and cleavaée'or the
hydronephelite. In the replacement of nepheline the
fibres are typically set obliquely to the length of the
nepheline prisms. These two zeolites appsrently possess
the power to migrate together as they are seen in the same
intimate association in interstices and in vesicles where
the fibrous member often reaches grester relative bulk,
occasionally occurring alone, The fibrous mineral was
found to have straight or low extinction, positive elon-
gation and a bilaxial positive interference figure. Its
refractive indices were determined roughly as 1.529 + .002.
These properties seem to correspond to a variety of phillip-
gite although the occurrence of this potash-caleium zeolite
is unexpected, in such quantity at least. The zeolite
~intergrowth frequently encloses tiny flakes of a highly
doubly refracting mineral. These are too small for optlc

determination but are pessibly calcite, cancrinite, or
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thomsonite.

The hydronephelite-phillipsite association forms
by far the larger part of the nepheline decomposition
products in the Chesters rock. It invariably shows the
reddish-brown staining in some degree. Ls noted above
it mey migrate and recrystallise and in this form as well
as in pseudomorphs it occupies a large part of the ground-
mass of the nepheline - rich modifications being responsible
for their peculiar colour.

It may be added that zeolite.x is never seen out-
side recognisable pseudomorphs of the nepheline. In other
words it shows no tendency to migrate or even recfystallise.
Other occurrences of it in Hast Lothien will be noted in

due course.
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(b) Stenton.

About a quarter of a mile north of the wvillage
of Stenton a pair of pluge-like intrusions occur in the
Basal Ash of the Volcanic Series. Both have roughly oval
sections, the larger and more goutherly having a maximum
breadth of about 300 yards. The other plug is well
exposed in a cliff by the side of the Sauchil Water and
ghown steep junctions with the ash whilch 1s baked and
hardened near the contact. In hand specimen the rock is
dark, fine-grained and contains numerous microphenocrysts
of olivine replaced by a bright red mineral., The appearance
is very similar to that of the more decomposed specimens
from Chesters Quarry. Streaks and patches of an orange=
red substance are also visible, recalling the habit of the
veinlets in the latter locality. Lustrous spots about
3 mn, in diameter, corresponding to analcite crystals,
are distinetly visible on the freshly broken surface, and
are crowded together as in the type rock.

In section, the developpent of olivine and augilte
as phenoerysts and of the latter mineral, magnetite, and
apatite in the groundmass resembles very closely, in
quantity and texture that seen in the normal Chesters rock.
Locally, also, a close simllarity to the transition stage
between the normal and medium phases of Chesters is seen,
and, in addition, streaks and patches corresponding to
the veins in this gill are observed.

The original aspect of the groundmass base has
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been largely obscured by its high content of chloritic
and ferruginous decomposition products. Much analcite

1s present sometimes brown and cloudy, sometimes bright
orange=red. The latter type may have replaced nepheline
as it is seen to occupy well-formed pseudomorphs of this
mineral in the vein-like streaks. The cloudy remains

of plagioclase crystals occur up to 1 mm, in length and
bear ophitic relations to the granular femic minerals.

A few small prisms of orthoclase are present and also

gome albite in small vaguely defined patches, occasionally
forming a rim to a small area of colourless analclte.

The vein-material has a bright red appearance in
hand specimen where it is seen to occur more often in
streaks and "pockets" than in true veins. The colour
is due to the orange-red analcite occupying the pseudo-
morphs after nepheline which bulk largely in this facles.
These represent prisms up to 1 mm, long showing idiomorphic
outlines and occasionally skeletal intergrowths with
interstitial platy albite. Irregular rods of green
pyroxene are seen intergrown with the nepheline. Inter-
stitiallyslender prisms of orthoclase, numerous apatite
needles, and a few blotite flakes, occur associated with
a base of cloudy analcite,

It is apparent that, when fresh, the groundmass
and vein-matter must also have borne a close resemblance
to their counterparts in the Chesters rock. The

Stenton rock 1s therefore a nepheline-analcite~basanite
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(¢) North Berwick.

On the North Berwick shore, the Basal Ash of
the Volcanic Series is well exposed in a broad rocky
flat known as The lLecks and lying immediately to the east
of the prominent outcrop of the lower lavas which projects
seawards from the harbour., The ash dips to the northe-
west at an angle of about 20% and 1s of a general red
colour contalning however several bands of green and grey
tints. It is more or less calcareous throughout and
intercalations of ashy marl are frequent, one of these
containing plant remains. Ag the outerops are traversed
in an easterly direction darker=-coloured and poorly
stratified beds of lapilli bgcomo more frequent. At
one horizon a band of agglomerate about 2 yards thick
was observed, As the contents of this band are of
peculiar interest it will be described more fully in a
later section (p.120).

About a furlong south=-east of the harbour
promontory the margin of a vent cuts across the stratified
ash ( see map P1,III), The vent contalns a coarse
agglomerate composed of blocks of ash similar to that
occurring throughout The Lecks. The matrix is a fine

red unstratified ash. Many of the blocks are of
congiderable size, the larger ones (B) occurring grouped



Pl. 1T

SAND SAND

VENT J AR

THE LECKS T Dk
NORTH BERWICK

SHORE \__—,———/’/,//
D
Scale lin, = k0 yds. %'-é w




44~
along the western margin where most of them lle with
bedding planes steeply tilted and striking approximately
north ;.nd south, These blocks probably represent the
foundering of the vent edge. Within the vent the
blocks are generally ebout 1 t0 3 ft. in diameter
although a few have a width of uvoral yvards. These
frequently show signs of disturbance in the form of
small local contortilons of the beds, numerous small
' faults with & slip of an inch or two, and, occasional
brecclation of a more calcareous band, The junctions
between two larger blocks or between a block and the
vent edge are frequently seen to be of an intricately
nutui'ed nature as 1f the ash had been, at the time of
disturbance, in a poorly compacted condition., Admittedly,
ashy sediments owing to their "greasy" matrix may yield
plastically under compression, but it 1s highly improbable
that such could produce interlocking blockeedges in
consolidated ash without leaving abundant other traces
of its action, The above evidence suggests that the
ash was but 1ittle older than the explosions that
disturbed it, being as yet only partly consolidated. Ths
vent activity has also produced disturbance in the
surrounding strata in the form of a gentle folding along
east-west axes on the western side.

The vent contains four small plug-like intrusions
(I, Iy ) which have baked and marmorised the surrounding
ash to a small extent at their contacts, The two

-
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largest (I; and Iz) have elongate oval outlines, I
lies on the vent margin and both it and Iz appear as small
hunmocks rising & little above the general level of the
rocks, without however, forming conspicuous features. Ip
is more irregular in outline, resembling a group of blocks
embedded in the ash, It also occurs at the vent margin
and may be completely obscured by sand in times of storm,
The smallest, I,, sppears as a prominent rounded knoll
about a yard in diameter arising from the ash close to Iz,
The plugs all conslst of the same rock which in
hand specimen has a dark, fine-textured appearance and
shows lustrous gpots 3 mm, in diameter, revealing the
pregence of pseudoporphyritic analcite, Porphyritic
olivine pseudomorphed by a dark brown flaky substance,
occurs in a few crystals up to 5 mm, long and in numerous
smaller ones about .5 mm, long. Vesgicles filled with
calcite and some chlorite are present in varying numbers.
ILocally, where they are Mmt, they are associated with
advanced calcification and chloritisation of the rock
which here assumes a light purplish or brownish tint
contrasting with the dark colour of the olivine phenoecrysts.
The freshest specimen, from the centre of Iz,
strongly resembles in section the fine-grained facies ot
the normal Chesters rock, The only porphyritic mineral
however is olivine, Plagioclase occurs in laths of

labradorite and some oligoclase. These reach a length
of 1 mm, and enclose poecllitically the augite and
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magnetite graing which occur in abundance in the groundmass.

No nepheline or zeolites were detected but any representatives
of these may have been replaced by the pale chlorite which
occurs, frequently in considerable amount, in the interstices,
About halt. of the groundmass base ls occupied by clear
yellowish analcite which contains densely crowded inclusions
sinilar to those in the Chesters rock,  Locally the
analcite shows extensive replacement by the pale chlorite,
and the appearance of the lustrous spots on the rock

surface shows that it crystallises in the same manner as in
the type rock,

On the eastern side of the harbour promontory at
North Berwick, a small plug is seen to cut the red Basal
Ash at a point about 80 yards south-~west of Swiney Craigs.
The plug is only slightly larger than the largest (Iz) in
The Lecks Vent and the rock is exactly similar in hand
specimen and microsection to that of the Vent plugs,

(d) The Leithies.
Avout 17 miles east of North Berwick a group of

eight islets known as the Leithies occurs between tidal
limits (see map pl. IV). They have been interpreted by
7,C, Day as the remains of a small laccolith and are
assoclated with the Basal Ash which 1s here green and
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dolomitic. Day (1925) described the rock of which they

congist as a monchiquite, and published an analysis which
is quoted on p.

The rock is dark and fine-grained and shows the
familiar lustrous spots. In section it bears a very close
resemblance to the normal Chesters rock. The poeecilitic
labradorite laths have more sodic borders. Nepheline
occurs interstitially in small amount and shows partial
replacement by analcite and pale chlorilte. The zeolites
characteristic of the Chesters rock are absent but
otherwise the distribution and hablts of the minerals are
essentially similar to their counterparts in the type loc-
ality.

It is interesting to observe that in the finer-
grained marginal phases of the Leithies rock, the augite
contenthppears to increase and the relative size of the
labradorite laths decreases so that they appear as small
more or less discrete crystals. The marginal phase of
the Chesters sill is not exposed but an examination of
that of the Stenton intrusions revealed a simllar

appearance,

(e) Partan Craig.

A nepheline-~basanite occurring as bombs in the
Partan Craig Vent (Pl,IV) was described by Day and Balley
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(1932) . An examination of Day's slides shows that this

rock resembles in many respects some of the intermediate
"permeation" phases of the Chesters sill, The probability
of its being akin to the Chesters type is strengthened

by the occurrence in the same vent of blocks of comparatively
fresh rocks which in section are practically indistine
guishable from the normal Chesters rock and some of the
lower permeation grades. The nepheline 1s however more
usually euhedral to the albite, skeletal intergrowths

being infrequent (compare the well-formed nepheline in

the above basanite), The felspar consgists of oligoclase
with albite borders and also some interstitial albite and
orthoclase,

Yellow lian,
Blocks similar to the ones just described occur

in the agglomerate of the Yellow lMan Vent (Pl,IV) where
they are easlly recognised by their spotted appearance,
the spots being crowded together as in the Chesters rock,
Some remarkablyfresh examples occur, much of the olivine
and nepheline being unaltered, DBiotlite is present in
slightly greater quantity than in Chesters.

Gin Head,
The Gin Head Vent also contains blocks of Chesters

type. In these the nepheline 1s represented by pseudo=-

morphs, occasionally euhedral, of reddish-stained cloudy
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analcite, The relations of these blocks to the
basanitic intrusion at Gin Head will be discussed in a
later seection, (p.105).

The close proximity of the occurrences of Chesters
type at The Leithies, Partan Craig and The Yellow Man
suggest that they are if not of identical origin, at least
of gimilar age. The gr-in sige of the vent blocks
indicatesthat they once formed part of either a falrly
large intrusion situated at little depth or else a less
extensive but deeper-geated injection such as for example
a feeder of the Leithies laccolite, These vents and
that at Gin Head as mentioned before, contain no blocks
of later age than Calciferous Sandstone suggesting that
they ceased activity in the later part of this period.

If this be so a Caleciferous Sandstone age can be assigned
to a few at least of the occurrences of Chesters type.

The question as to whether the Lelthies, Chesters and
Stenton intrusions are of the same period must remain
apeculative. The Lecks plugs, as will be seen (p.123)
are probably of later date than Upper Caleciferous Sandstone
times,y

Chesters g 8 .

The characters which distingulsh this rock type
include the following:ie

(a) A high (lamprophyric) content of augite, mainly in
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groundmass granules.

(b) Plagioclase occurring in elongated plates having
poecilitic relations to the rest of the groundmass
minerals. | :

(e) Abundant analcite usually forming more than half of
the groundmsss base and occurring in closely crowded
poecilitic individuals.

(d) The presence of apatite as an important accessory,
occurring in prisms up to # mm, long and having ophitic
relations to the auglte and magnetite granules, and also
appearing as fine needles in the analcilte,

(e) The presence of nepheline in small amount in most
of the occurrences. Those in which it is absent have a
decomposed groundmass which possibly once contained the
minexral,

As was previously noted, various names have been
glven to the Chesters (normal) rock; these include
limburgite, monchiquite, and nepheline~basalt, The
namé limburgite was evidently given under the Impression
that the base was glassy. Monehiquite, strictly
speaking, designates a rock without felspar and having a
base composed entirely of analcite, Locally, in the
Chesters rock, calciec plagloclase appears to be absent,
This appearance, as has already been pointed out, is
probably due to the replacement of the felspar by l.ate
cloudy analcite. In several instances remmants of
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felspar were observed. In any ¢ ase, such specimens usually

contain a little albite and possibly also some orthoclase.
'In the rock described as the Chesters normal rock and
taken as the type of this division, plagioclase is always
present in sufficient quantity to exclude the rock from
the monchiquite category. Again, the name nepheline-
pasalt ndicates a felspar-free rock with essential
nepheline, It cannot therefore be applied in this case
as, in addition to the presence of felspar, the nepheline
occurs in minor amount only. The presence of both
plagioclase and abundant felspathoid (analcite with some
nepheline) gives the rock a basanitic character, but in
view of the preponderanc; of augite over felspar and
felspathoid it must be assigned to the melabasanites-
(Johannsen 1938)., It is proposed, therefore, to call
the group of rocks described in the preceding pages
melabasanites of the Chesters type.

A discussion of the chemical analyses of several
meubers if thie division will be found on p. 110.
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B. ANALCITE-BASANITEb AND OTHER ANALCITE-HELABASANITES

- ————— - . —— - ———

The basanitic rocks of this diversion form,
structurally as well as mineralogically, a more or less
continuous series, All aré analeite-rich, the chief
varistion occurring in the augite-felspar ratio. The
more augitic members of the series are true melabasanites,
having a pyroxene content approximately equal to that of
the Chesters type from which they differ however in certain
structural features. Apart from a single example which
is exceptionally rich in felspar and also a few in which
the base 1s glassy, the rocks of this diversion are fairly
evenly distributed over a range at the most felspathic
end of which only a slight predominance of light over
dark minerals exists,

The series can therefore be divided into four
groups. The first consists of the single more highly
felspathic instance menticned above. The second comprises
the rocks at the less femic end of the range just referred
to. These may be called true basanites (as distinct
from melabasanites) as the femic minerals show at the
most a slight excess over the felsic. in the third
group femic minerals eipecially augite are distinetly
predominant, the members heing therefore melabasanites.

A fourth group includes the glassy rocks.
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GROUP I,

This group is characterised by a considerable
excess of felspar over augite, these minerals occurring
in approximately the same relative proportions as in a
basalt of the Dalmeny type.

Seacliff Quarry

The only observed occurrence of this group
consists of a large intrusive mass, a furlong in diameter,
which is well exposed in Seacliff Quarry (Pl.IV). It
was interpreted by Day (1932) as a plug situated in a
vent whose diameted does not exceed that of the intrusion
by many yards. The irregular jointing of the mass was
described and photographed by the same author.

In hand specimen the rock is of dark grey colour
and fine texture, and shows numerous micrephencerysts of
olivine and augite. Sporadic augites up to 8 mm. in
diameter are also visible. The analcite crystals are
exceptionally well-developed and appear as rounded areas
3 to 4 mm, in diameter, having a high lustre, and providing
one of the best examples of the pseudoporphyritic structure
in East Lothian.

In microsection the augite phenocrysts are seen
to exceed in number those of olivine. Both occur in a
variety of sizes, the olivine from .2mm. to lmm, and the

augite from ,lmm, to l.3mm. The former are completely

altered to green serpentine and the latter, which are pale
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purplish with an occasional greenish core, show sieve-
structure to a marked degrees Occasional laths of
labradorite 1 mm. long also occur among the phenocrysis.

The augite and magnetite of the groundmass occur
in minute grenules. IMagnetite is also present in fewer
and larger octehedral grains. The felspar consists of
labradorite in laths varying in size from microlites to
cyrstals 5 mm. in length,

The analcite is clear and yellowish and appeasrs in
rounded patches without definite erystal outlines and
having the usual poecilitic relations to the other minerals.
It also encloses numerous fine apatite needles, Viewed
under erossed nicols the analeite patches are seen to be
distinctly less fcl-pat.hié than the rest of the groundmass.
Moreover the felspar which they ‘enclou is obviously
gorroded, the smaller lathe having locally disappegred.
The liguor which deposited the analcite evidently poscessed
the power to dissolve the felspar. Evidence suggestive of
this action is frequently encountered among the basanites,
and other Ilustances will be noted in due course.

SHROUP 1Z.
I this group the femic : felsic ratio varies
in value from a little less to a little greater than unity,

Qecurrences:-
(a) Kidlaw, in the south-west part of the county: a
plug in a vent piercing the Upper 0ld Red Sandstone,.
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(b) The Knockenhair, Dunbar; a plug in a vent piercing
Cementstone sediments.

(e¢) The Black Rocks, on the shere 4 ml. north of Gullane;
a £i1ll intruded into Calciflerous Sandstone sediments over-
lying the Veolcanic Series,

(d) West Fentonm, 1f mls. south-east of Gullane; a small
8111 intruded inte Caleiferous Sandstone sediments overlying
the Volcanic Series.

(e) Swiney Craigs, North Berwick; an intrusion of
doubtful form, qutting rocks of Cementstone age.

(£f) Yellow Man Vent (Fl.IV); a dyke cutting the knell
known a8 The Yellow Man.

(g) Garvald, near Chesters; a plug-like intrusion in
the Upper 0ld Red Sandstone,

(h) Fidra, and island 2 mls, W.N.W. of North Berwick;
presumably a stock. Relations to sediments unknown but
probably cutting Upper Calciferous Sandstone strata.
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(a)  KIDLAW INTRUSION.

The intrusion of analcite-basanite occurring in
the Upper 0Old Red Sandstone at Kidlaw gives rise topo-
tigraphically to a low hill and has been well exposed in a
circular quarry about 80 yards in diameter (see sketch-map).
In the Survey liemoir it is considered to be & 8ill but re-
examination by Simpson (1932) revealed an outerop of tuff
with steep Jjunction to the basanite indicating & plug-like
structure for the latter. Comparisons of textures in
m.crosections cut from different points in the quarry confirm
this and also suggest that the boundary of the plug does not
extend far beyond that of the quarry but corresponds roughly
to the circumference of the small hill, The disposition of
the major joints agrees with this conclusion. Platy
Jointing is developed parallel to the steep junection with
the tuff. Elsewhere in the quarry the somewhat irregular
tangential trend of the joints when compared with the regular
columney structures developed in small sills like those at
West Fenton, Black Rocks and Eyebroughy Scar, forms a strong
indication that the habit of the rock-body is plug-like rather
than sill-like, A fault cut across the quarry in a direction
parallel to the Southern Upland Fault which occurs about 300

yards to the south-east. The fault line is occupied by a
breccia consisting of fragments of granite, greywack‘;shalo,
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anc the basanite, cemented by & brown siliceous matrix
containing numerous grains of quartz ancd felspar. The
occurrence of such a representative suite of Older Paleeozoic
rock fragments seems at first sight paradoxical until it is
recalled that rocks of this age occur about 300 yards to the
south and at one time doubtless actually overtopped the Kidlaw
area, as the Southern Upland dislocation is a reversed fault.

The petrology of the Kidlaw rocklﬁaa been discussed
in detail by Bailey in the Bast Lothian liemoir. To summarise
briefly, the roeck is dark, fine-grained and shows well-
developed spots, light-coloured on the weathered surface and
lustrous on the fresh face, corresponding to analcite crystals,
The section shows a few scattered microphenocrysts of olivine
and augite similar in apoearance to those occurring elsewhere
among the basanites. The groundmess is peculiar in that it
containe small fresh olivine ecrystals, The usual augite and
magnetite grains are present and abundant small laths of
labradorite, occasionally zoned to albite and sometimes mantled
by orthoclase. A little interstitial nepheline is tentatively
reported, and also plentiful biotite flakes and small apatite
ncedles. The analcite occurs in the familiar poecilitic
patches, the total amount being somewhat less than that of
felspare. |

A study of the roék confirmed the presence of a

minor amount of nepheline. It occurs as small hexagonal
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prisms whose shape is usually modified on account of its

interstitial relations to the plagloclase laths. It gives

. the normal uniaxial negative interference figure and ul\;dl;
presents a distinctive appearance due to its partial re-
placement by clear analcite and chlorite along borders and
cleavages. It is seen in beat development in fine vein-like
felspathic streaks end patches recalling those occurring in
the Black Rocks and doubtless having a similar origin,

The crystals of analcite appear in section as rounded
yellowish areas, deeper in colour and aslightly cloudy towards
the margin and varying in diameter from # m.m. in the finer
grades to about 3 m.m. in the coarser. Occaslonal fusion
of two or more gives the appearance of larger individuals.
The crystals have generally rounded outlines, but the actual
boundaries are irregular, no crystal form being observed,
They have the same refractive index 1.490 as was observed in
the primary analcite of Chesters,

The analelte crystals have poecilitic relations to
the groundmass minerals, olivine, augite, magnetite and
labradorite.  The laths of the latter mineral enclosed in
the analcite are slenderer than those occurring elsewhere
due to the absence of sodic zones, They also show signs
of corrosion indicating that the sodic felspar at least has
been replaced by analcibe. Orthoclase and blotite are
alaso absent from the analcite patches. The latter
frequently enclose olivine phenocrysts and the augite
spherulites so common in the rock as if the analcite had



formed on these as nnoloi-.sg- Areas of analeite inside the
crystals, free from or poor in inclusions correspond to the
felspathic streaks in the groundmass and like them are
probably due to tension fissuring. :

The development of the analcite crystals in the fine-
grained marginal gone of the Kidlaw Plug is of special interest.
The rock here is very fresh, the olivines in the groundmass
being for the most part unaltered. The analeite crystals
range up to # m.m. in diameter. They are frequently seen to
have as a core a rounded or octagonally shaped clear area
containing a central group of minute inclusgions and resembling
closely the hablt of a asmall leucite crystal, (P1.IX,4). There
"leugcitohedronsg” vary in sigze, the larger ones appearing as a
circular area characterised by a dense concentration of
magnetite dust and typlcally surrounded by a narrow clear
band., As they become larger in specimens further from the
margin, their leucite-like character gradually disappears.

The concentration of bl;ok duat becomes leas obvious and the
clear band 1s soon no longer evident, The above structures
form the nuclel on which the analcite crystals have orystallised
They are formed of the same maeterial as the rest of the crystal
but the fact that definite octagonal outlines have been
discerned points to the previous exlstence of another mine

eral which has been pseudomorphid by the analclte. The
poasibility of this mineral having been leucite will be
discussed later in connectlion with the occurrences of leucite
elaewhere among the basanites of East Lothian,
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AUGITE SPHERULITES, (P1.IV)
A prominent characteristic of the fine-grained

basaltic rocks of the Scottish Carboniferous Province is
the occurrence of small augite priams in radiating clusters
frequently showing a centre of alkali felspar and analcite
and occasionally a core of quartz. Such structures are of
familiar occurrence among the Continental Tertiary Basalts
and were given the names "augltaugen" by Rogsenbusch (1908)
and "oceillets d'augite"” by Lacroix (1893). Since the word
"eye" is assoclated with other geologlcal structures it

is proposed to refer to them as "chondroids" from their
superficial resemblance to the chondrules of meteorites.

These chondroids are particularly abundant in the
Kidlaw rock where they are considerably more numerous than
the phenocrysts, and were cbserved in varying amount in
all specimens taken from the quarry. The average diameter
is about .2 m.m. but dlameters up to 1 m.m. are not ine
frequent. Gemerally they have a circular or ovold shape
in section but may be elongated or distinctly angular,
Locally they tend to occur in groups and strings.

The following 1s a general account of thelr structure
and mineralogy.

A central zone contains orthoclase and possibly
some albite, assoelated with varying amounts of analcite,
calcite, and chlorite, the last three probably replacing
glass.  This is folliowed by a zone of augite in Inwardly
converging prisms. Generally the bulk of the augite 1s a
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pale diopside but it may be more or less tltaniferous

especially on the outer margin of the zone where, also,

the augite prisms are more closely compacted and mllir.
Towards the interior of this zone they tend to become more
aodic as is shown by the appearance of brighptr green
colouration., Here also they are assoclated with small
flakes of a brown sodic amphibole and occaslonally with a
deep brown mineral resembling amphibole . It occurs in
small ragged prisms with longitudinal cleavage and an
observed maxlmum extinction angle of 39°, | The cleavage
in cropss section was not obaerved. The mineral 1s
pleochroic in very deep ved~brown tones. Its extinction
angle is too large for barkevikite or common hornblonﬂo.

It was therefore concluded to be either a kataphoritiec
hornblende or cossyrite. Between the augite and the main
rock there is a narrow zone consisting of mmch platy albite,
a little orthoclase, flakes of brown biotite and occasionally
a little well developed nepheline. A few auglte and
magnetite granules are also present. Frequently the whole
chondroid is enveloped in an analcite crystal which has
formed on it as nucleus. Iocally, however, the material
of the outer albitic zone has breached the analcite sheath
and, mingling with the groundmass, has given rise to extensive
local development of biotite and platy albite. Juch of the
biotite developed in the Kidlaw rock occurs concentrated in
streaks which are rich in alkali felgpar and many of these
streaks are seen to be directly connected with chondroids



in the manner desoribed above. Possibly the rock would
have precipitated some bilotite in the normal eourse of
events in absence of the chondroids but the above evidence
suggests that the latier exerted some control over 1its
uppocrimc. It is proposed to discuss the nature of this
control in the sequel.

 In the smaller chondroids the sugite extends to the
centre and no surrounding felspathic zone 1s visible. All
gradations exist between these and the larger type with
distinct zones u described above. Also, the stages from
the latter to somewhat larger individuals with a residual
core of guartz can be traced.

A typical oxample of this type has a centre of
quartz, about % in, diameter, traverged by en irregular
network of cracks, along which glass had beer produced,
assoclated with grains of brown sodlc amphibole and green
gsodic pyroxenoe. The glasy is mainly replaced by analcite
and chlorite. The gone immediately surrounding the quartsz
core consists of the familiar inwardly radiating diopside
prisms, more sodic on the inner margin of the zone where
they are assoclated with brown amphibole and possibly also
cogayrite. The matrix at this part consists of glass
and opfthoclase laths., On the outer margin of the augite
gone the pyrozene lis more granular and shows the purplish
titanifersus chavacter noticed before. = The alkall-felspar
zone and analcite sheath correspond exactly to those
previously deseribed.,  Also the abundant precipitation of
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biotite at gaps in this sheath is noticeable, the bilotite

and assoclated albite felspar occurring in correspondingly
larger crystals. The sheath of analcite surrounding these
larger chondroids is obviously composed of a closely com-
pacted mass on analcite crystals and may reach a thickness
of 3 cum.  Thus the various reaction zones surrounding
the quartz xenocryst correspond in such minute detail with
the structure of the typical chondroid in which no quartz is
apparent that there can be no doubt that they are of similar
origin.

oOther evidence in support of this view may be adduced
from various sources. Before reviewing this however,
possible alternative suggestions as regards the origin of
chondroids will be consldered.

It may be suggested that those consisting of augite
only and showing no central zone may represent polnts of
spontaneous crystallisation in a magma super-cooled in
regard to augite. If such were the case they would show
regular spherulitic structure with obvious indication that
growth had taken place from within outwards whereas the
opposite is evinced by the chondroids. Again, the latter
may be postulated as reaction growths on a proviouaty
crystallised mineral. No trace of any such mineral has been
observed either on Scotland or on the Continent, even in
chilled phasea of the rocks, whereas grains of quartz are
reported in many localities embedded in chilled basaltic
rock and showing only inciplent reaction with the magma.
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Suech occurrences, it may be added, are com:on in the

chilled margin of the Kidlaw plug.

It may also be suggested that these structures
are due to the presence in the magma of immigeible fluld
globules which later reacted with the magma b0 produce
the augite and associated minerals. Such globules would
have to be highly siliceous and considersbly alkaline,
granitic in fact. It is difficult to imagine how they
could have kept thelr shape in view of the evident flowage
to which the parallelism of the labradorite crystals
frequently testifies. lMoreover such a conception 1s at
variance with experimental results on the miscibility of
basaltic and granitic liquids. The originator of a
chondrold must then be a solid siliceous body, assoclated
with or having the power to assimilste from the magma, a
certain amount of alkali. These conditions are satisfied
by a xenocryst of quartsz,

In the Kidlaw plug the gource of the quartz grains
might well be the 0ld Fed Sandatone formations through
which the vent containing the plug has beenidrillnd. It
may seem at first sight ilmprobable if not impossible that
quartz grains should have become so disseminated throughout
a rock so that at least one or two should appear in every
section cut, Flett (1902) however, describes from East
Fife several vent intrusions through which quartz xenoliths
and grains have been disseminated in the above manner and
only inecipiently altered due to the rapid chilling of the
intrusions in question, In one case he suggests an



uncongolidated arensceous »ock as the source of the
abundant quartz grains. It will be recalled also that
the chondroids in Kidlaw tend to occur in groups and sbrings.
Reynolds (1936) describes the digestion of quartzite
zenoliths by a hormblendite magma. The xenoliths effected
a selective congentration of alumine,potash,and soda, that
of potash for instance exceeding that of soda. Bailley
(1916) described the goncentration of alkali by a quartzite
xenolith in a porphyrite in Glencoe, and Campbell and
Stenhouse (1934) describe a similar concentration by
quartzite xenoliths in the Braefoot Outer (teschenitic)
8111, Holmes (1936) analysed the glass surrounding
Quartzite xenoliths in murambite and kat\mgﬁo and demon~
strated there also a concentration of alumina and alkalis.
It appears then that a siliceous ineclusion in a
basaltic rock commences early in the history of the rock's
crystallisation to assimilate selectively alumina and
alkalis. Whan pho inclusions are numerous such segregation
of potash and goda must impoverish the magma considerably
in these oonst-iﬁuenta especlally potash. This must to a
large extent restrict the entry of alkalingminals into the
molecules of early formed minerals such as augite and
labradorite. It has been shown how these alkalis are in
part restored to the rock after the crystallisation of the
early femic minerals, the labradorite, and the analcite
has been completed. They oivatmin as albite with some
orthoclase, and the excesa cf potash,in conjunction with
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Explanstion of Plute VIi.

1, (Ordinary light x 20), Kidlaw intrusion, marginal,

Inclusions of quartz grains showing conversion
by reaction, to chondroids. Grains near centre i

completely converted. The largest grain (lower)

shows residual core of quartz., The small bright spots
throughout the field are the small fresh olivines of
the groundmass. A single microphenoeryst of olivine
occurs on the upper left border.

2. (Ordinary light x 20). Kidlaw intrusion.

Shows three chondroids. Hach has a zone of pyroxene
heedles projecting into a central zone of alkali felspar,
and is surrounded by & narrow felspathic zone containing
bioti}c)nmo (dark and grey, best seen in central
example) .

3 and 4, (Ordinary light x 19), Kidlaw intrusion.

Reaction zones surrounding a quartz xenolith,
Illustrat the process of biotite production in the
rock, Exp tion in 4, The analcite encloses
poecilitically the augite and magnetite granules of the
§roundnus. Augite granules are also present in the

alkali felepar and biotite" zone.
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the late'chloritic' iron of the residual ligquor of the

rock, produces abundant biotite. Thus an abnormal develop-
ment of biotite may be the result of the inclusion and
reaction of quartzose xenoliths. This is supported by
evidence from the Binny Cralg, West Lothian., Here Iumn
(1932) describes the inclusion of sbundant quartz grains

in a basalt glll and the sxtensive development of chondrolds
from them.  He makes the significant statement that "thin
brown scales of biotite are comson in sections with much
included foreign matter (quartz grains)". Elsewhere in
Eagt ILothian suggestive evidence i1s avallable. The
Knockenhair plug consists of a rock clogely similar to the
Kidlaw basanite, conbaining abundant chondroids and also
plentiful blotlite flakes. The sill at West Fenton,
however, though closely resembling the Xidlaw type miner-
alogically except for the absence of both blotite and the
obvious excesa of late alkalls, contalng very few chondroids.
It 1s not suggested here that the appearance of blotite is
invariably contrelled by such clrcumstances as those outlined
above. Rocks llike the Chesters sill where chondrolds

are present Iln vory small amount contaln a conslderable
development of blotite.  The suggestion 1s merely that by
localised temporary dlfferentiation ih a small scale, a
certaln amount of liquid is produced sufiiclently alkaline
to precipiltate bilotite. To take a concrete example, if
the West Fenton slll had contained abundant xenocrysts of

quartz, blotite would have appeared throughout the rock
in similar amount a&s that seen at Kidlaw.
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Another result of the late restoration of segregated

alkalls to the rock is that the latter appears to be slightly
richer in alkalis than is actually the case. This effect
- is produced by the higher prcpdriion of visible alkali
felspar. The analysis however, of the Kidiaw plug,
‘for ‘example, shows a comparatively low alkali content
and potash~-soda ratio, when allowance is made for the con=
slderable quantity of analcite. '
Although the inclusion of quartz in the Kidlaw
rock has beon stressed, the actual bulk of the guartz is
comparatively small and has probably served to raise the
silice percentage about 14, The rock analysis it may be
added yields on coumputation 7.4% of normative nephelins.
It would serve no useful purpose to describe in
detall the other occurrences of chondroids observed in
the basaltic laves and intrusions of the Lothians and the
Einghorn district of Pife (Allan 1924), Sufflce to
say that they form supporting evlidence to the theory of
formation descrived above, a theory, by the way, which
was probably first proposed by Lacroix in 1893 in his
classic "Enclavsa" where he describes in detail the
productlion of “eyelets of augite" from quartz xenocrysts
in basaltic magmas.
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(b) The Knockenhair,

Thig intrusion oubtcrops as a small crag on the
sumnit of a prominent hillock on the outskirts of Dunbar,.
It forms a plug in a large vent # mile in diameter
piercing lower Cementstone sediments.

In the Memolr it is mentioned as being "of the
Kidlew type". Its resemblance to the Kidlaw rock is
very close both in hand specimen and in microsection, In
particular the occurrence of olivine as scattered micro-
phenoerysts and also as numerous small grains in the
groundmass; the presence of a number of small chondroids
with associated development of biotite flakes; and the
pseudoporphyritic habit of the analcite are noticeable
in this connection,
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(c) THE \CK ROCKS, GULLANE.
The sill of analcite-basanite which is lmown as

The Black Rocks is exposed on the shore about § mile
north of Gullane. It outcrops within tidal limits for
a distance alongshore of about % of a mile.

The actual contacts with the sediments, except for
a thin offshoot on the northern edge of the sill are
obscured, by dune-gand to landward and by beach deposits
and water to seaward.

The sill shows well developed columnar jointing
and dips gently to landward., Ilileroscopic study of
specimens from different parts of the exposure indicate
that the sill has a lenticular form truncated somewhat
abruptly on the north alde, possibly by an obscured fault.
Fineness of grain on the seaward margin suggests that the
base of the sill is roughly coincident with low water
mark, A similar criterion places the top of the sill
as not far above high water mark and likewise parallel to
it. These concluslons are supported by other evidence
in the form of irregular areas of white trap ocecurring at
different points along the outerop and inereasing in
extent towards the south end, This trap rock consists
of an intensely vesicular, fine-grained, calcified
modification of the rock. It is of pale colour owing
to the high content of calcite and is sometimes stained
reddish or green by iron oxides or chlorite respectively,
in all cases being easily dilstinguishable from the
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from the nonvesicular rock which often rises in rounded

islands from it, It seems likely that the trap represents
the upper surface of the intrusion modifled by carbon
dioxide expelled by the high temperature from the overlying
marly sediments. '
In hand specimen the rock is dnrk; fine=grained,
and shows abundant uercphonoeryitu of olivine , occasionally
replaced by bright red bowlingite. The presence of M1to
in distinct crystals 1s indicated by light spots on the
weathered surface and small lustrous areas on thé fresh
face. These spots are about # a centimetre in diameter.
Texturally there is considerable variation. Although
the actual contact of the sill with sediments is not seen,
& speclmen near the seaward edge showed cognate xenoliths
in the form of disrupted portions of vesicular chilled edge.
The extreme fineness of these portions makes it probable
that they represent devitrified tachylite. [lear the »bno
and top the rock 1s very fine-grained. The central zone
of the slll is coarser in texture and contains bands and
schlieren of still larger grain-size. The latter have g
texture somewhat coarser than the average basaltic groundnal
and seem to have falrly ebrupt junctions with the rock of
the central zone. The suggestion i1s one of autointrusion
by a late phase with slight tendency to pegmatitic growth.
Both structurally and mineralogically the central
zone and its schlieren resemble one another and show
appreciable dittiroma from the finer marginal zones.,
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These differences include the habits of felapar and

magnetite and the relative proportion of the latter
mineral. On the whole the fine marginal phase is
decidedly more femie than the central yhgnoi.

THE CENTRAL ZONE.

This gone contains abundant uorwm of
olivine of an average length of about .7mm, but wmim
reaching a length of 3 mm. They are usually entirely
converted to serpentine and iron oxide but locally the
pseudomorphs consist entirely of bowlingite. The latter
mineral is bright red in hand specimen and in section
shows pleochrolsm in red, yellow, and green tints. Its
single good cleavage is asymmetrically orientated in the '
pseudomorphs, being parallel to the short diameter of the
lozenge-shaped section. A few phenocrysts of augite
occur, showling green chrome-diopaide centres and purple
titanaugite margins. Occasional olivine-augite inter-
growths are seen and also glomeroporphyritic agsregates
of augite phenocrysts.

The groundmass contains abundant auglte grains
of about ,1 mm, dismeter and equally plentiful labradorite
laths, The latter are frequently zoned, having a
marginal growth of albite, Some interstitial orthoclase
is present, and also fine apatite needles and scattered
flakes of brown bilotite. liagnetite occurs in grains up
to .5 ma, dlgmeter and showing ophitic relations to augity
labradorite, and apatite. Nepheline occurs generally
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in small amount, but locally figures prominently in

patches rich in sodic felspar corresponding probably to
the segregation veins which occur in the finer-grained
parts of the sill and will be described below. The
nepheline 1s developed interstitially to the labradorite
but may be seen to project imto the mlbite borders of the
laths, It may be seen in all stages of replacement by
pale green chlorite, lydronephelite, and analcite. The
chlorite is the most prominent of these and may have
partly replaced the other two. It occurs fairly
abundantly throughout the rock and may have replaced
congiderably more nepheline than is at pregent indicated.
Clear, pale yellowish analcite occurs in the rounded
accumlations characteristic of this mineral.  These
correspond to the spots seen in hand specimen, each repre-
senting a single erystal. They enclose poecilitically
the augite, labradorite, magnetite, and apatite of the
groundmass, In the analcite, however, the labradorite
laths are slenderer and have younded edges and sometimes
embayments indicating corrosion. Apparently their more
sodic gones have been partially or completely removed.
Orthoclase and bilotite are also absent from the analeite,
The coarser bands occurring in the eentral gzone
have a mineral content similar to the foregoing. Augite
phenocrysts are however more abundant and the groundmags
augite occurs in priams of vuribun a:noi. The magnetite
graing are few and have the same ophitic habit as was
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noted above. Nepheline is more sbundant and gives rise

to characteristic pseudomorphs in which yellow cloudy
analcite figures prominently, assoclated with chlorite

and hydronephelite. Analecite in somewhat muer
quantity occurs interstitially throughout thé rocl,
showing little tendency to form the large pooemtic
crystals seen in the central zone, Thege coarse bands
thus show decided affinity to the finer-gralned, "basaltic"
teschenites which have been described from various
localities in the Midland Valley of Seotland (Flett 1910,
Pyrrell 1912, Bailey 1925, Campbell and Stenhouse 1934).

In the marginal gones the texture is emﬁorabi:
finer than in the central zone, and flow ots:;mtm is
frequently seen.

Microphenocrysts of olivine are accompanied by
a fow of augite showing deep purple colour and frequent
houreglass zoning,

The labradorite app.oaru‘to‘bp in two generatlons.
About half occurs as laths and .2 mm. long, and the rest
in mach smaller microlites. lepheline was detected in
-~ gmall amount and occurs more plentifully in the aogroyt;on
veina described below.

The groundmass is characterised by richneas in
megnetite which varies in hadbit from sbundant distinet
grains to a uniform black dust. The labradorite felspars
are free from inclusions of magnetite and so presumably



. T S
crystallised before it.

Analcite is plentiful and occurs in distinet
rounded patehes enclosing augite and magnetite grains
and lsbradorite laths. It tends to include aveas free
from inclusions especially in the very fine grades. It
also seems to include more magnetite dust as the rock
becomes finer in texture. 4 typical weathered surface
of this rock shows the spots to oecur sbout 100 to the
square inch, They are about 1/16 of an inch diameter
and may occur alone or partly fused with adjacent mdivmﬁah.

Pale green chlorite is present in the groumdlnlll
in varying amount and can be observed in process of re-
placing felspar and analcite.

Small blotlte flakes and apatite needles are
always present in this phase. :

The cognate inclusions mentloned above canai:t'or
small augite granules and labradorite laths in an i1sotropilc
groundmass rendered almost opaque by a dense powdering of
magnetite dust, Small phenocrysts of olivine and asugite

are present and also mumerous small vesicles fillled with
analcite which has in many cases been partly or wholly
replaced by chlorite., These chloritic growths character=-
istlcally contalin well developed biotite flakes. This
type of inclusion is seen drawn out forming dark streaks
in the rock,

in certain of the fine-grained slides veins are
obgerved having irregular thiclkness ( up to 3 mm,) and



vague boundaries. As 1;7:;0 Chesters rock they are
probably due to tension fissuring prior to the complete
solidification of the groundmass, The contents of the
vein gupport this view., They consist of sodile phg},qcluo.
orthoclase, nepheline, and interstitial chlorite and
analeive. The nepheline was the £irst to crystallise,
It is seen in partial replacement by chlorite, bub also
shows decomposition to gzeolite x and hydronephelite. On
later widening, the vein has been infilled with spherulitilc
chlorite.

Scattered amoeboid pabches occur in the rock,
They are infilled with cloudy yellow analcite showing
replacenent by chlorite and are lined with albite crystals.
The latter may be seen growing on the clear primary
analcite as foundation and projecting euhedrally into the
yellow, cloudy analcite of later crystallisation. This
yollow analcite also occupies veins which may be seen to
cut transgressively any of the rock constituents
including the primary analcite.
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(d) West Fenton Sill,

A quarry near West Fenton exposes a small sill
of dark compact rock intruded into Calciferous Sandstone
gediments overlying the trachyte lavas. The sill dips
gently to the west and shows welledeveloped colummar
jointing, The weathered surface shows the pale spots
and the fresh face the small lustrous areas 2«3 mm, in
diameter which reveal the presence of the analcite |
erystals characteristic of the basanites,

The rock is fine-grained and bears & general
resemblance in section to the Kidlaw and finer Black
Rocks types. lMicrophenocrysts of ollivine are more
abundant than in Kidlaw but the rock resembles the Kidlaw
type in having many small olivines in the groundmass.

The numerous small labradorite laths are generally ungoned
and no interstitial orthoclase was detected. A few

large xenocrysts of alblte occur. As mentioned previously
no chondroids or blotite flakes occur as in Kidlaw,

The pseudoporphyritic hablt of the primary analcite
is well developed, The mineral also occurs in streaks
presumably filling tension partings analogous to those
occurring in Kldlaw and Black Rocks where they are occupied
by nepheline and felspar. In the present instance they
were presumably opened after the crystallisation of the
felspar. Apatite needles occur throughout the groundmass
but are especially plentiful in the analcite. The
rounded crystals of this mineral include, in addition,
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fibrils of ilmenite and the "segregation veins" contain
a strong development of radiating fibrils of ilmenite,
skeletal rods of pyroxene, dendritic flaky brown amphibole,
and possibly a little biotite,

These occurrences of primary analcite may be seen
to be ecut through by veins of later yellow cloudy analcite
showling local replacement by green chlorite. The
chlorite does not seem to effect the earlier analcite so
readily, This later analcite may also be seen to corrode
and replace the primary mineral in the "segregation veins".

Ag in the Black Rocks, the marginal phases appear
to be richer in magnetite, the latter occurring as a fine
dust of minute granules, The base of the sill is not
exposed but the lowest zone in the quarry contains
abundant small xenoliths, comprising half of the rock's
bulk, and probably representing a chilled phase which had
suffered later brecciation, The fragments consist of a
very fine-grained equivalent of the normal roeck, rendered
almost opaque by a dense ’bwdoring" of magnetite dust,
and containing numerous vesicles up to # mm, in diameter.
These are filled with the clear yellowish analcite and
contain centrally a dense group of its characteristiec
inclusions, among which the amphibole is prominent, The
analclite in these vesicles must have crystallised before
brecclation, as many of them have been broken across and
now appear as semicircular clear areas on the edges of

the xenoliths, Iocal replacements of the analcite by



AL
later cloudy analecite and the latter in turn by chlorite

are seen.

(e) Swiney Craigs, North Berwick.

On the North Berwick shore, a few yards to the
west of Swiney Craigs, an occurrence of dark fine-grained
rock is exposed at low tide. The rock has well-developed
platy jointing along planes dipping fairly steeply to the |
north-east, and shows in hand specimen the lustrous spots,
in this case 3 mm. in diameter, which are characteristic
of the basanites. The relations of this intrusion to
the surrounding rocks are obscure. Ites western margin
is defined by a fault which brings against it the red
Basal Ash. The eastern margin is obscured by sand and
much of the intrusion itself is hidden by boulders.
There are two main exposures some 30 yards apart, indicating
an elongate outcrop. The columnar jointing so character-
istic of the basanite sills is not in evidence, but the
platy joints may represent the marginal partings of a sill.
Actually they dip in the same direction as the neighbouring
rocks so that if the intrusion is a sill it is emplaced in
the lava succession below the mugearite of Swiney Craigs.

The section shows numerous microphenocrysts of

olivine only, in a groundmess of augite granules, scattered
magnetite grains of larger size then the augites, and laths
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of labradorite. Small biotite flakes and apatite
needles are also present. The analeite which contains

inclusions of ironeore fibrils and apatite needles occurs
in the customary poecilitic crystals. Much cloudy
analcite is also present, sometimes with reddish staining,
and partially replaces the felspar.

(£) Ihe Yellow Man Vent.

The dyke cutting the Yellow Man is part of an
irregular plug-like intrusion (one of several associated
with this vent, PL1.IV) which shows in section the
characters of a typical basanite. Phenoerysts of olivine
and augite up to 3 mm., long are associated with numerous
microphencerysts of bhoth of these minerals and also some
of labradorite. The groundmass is fineegrained and
contains slender prismatic augite granules, magnetite
grains, and partly analcitised labradorite laths. The
analecite has the usual habit. It is yellowish and partly
eloudy and contains inclusions of apatite needles, ragged
prisms of brown amphibole, and fine fibrils of ilmenite.

(g) Garyald.
At Garvald Mains farm, % mile beyond the southe
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east extremity of the Chesters sill, a roughly oval-shaped

intrusion occurs, cutting the Upper 0ld Red Sandstone. It
is plug-like in form, having a larger diameter of % mile,
and gives rise to a prominent hill with a fairly abrupt
western scarp. It is probably truncated on this side by
the same fault which bounds the south-west side of the
Chesters sill. The hill is surmounted by an ancient fort
- a ponderous series of earthworks which obscure very
effectively the natural exposures over much of the outecrop.
Specimens from the steep western side show a dark compact
rock bearing locally the familiar lustrous spots about

3 mm, indiameter. Microphenocrysts of fresh olivine and
augite are also visible and sporadic large augites up to

7 mm, in diameter.

In section, the phenocrysts of olivine and augite
are seen to be of various sizeg up to 2.5 mm, in length,.
The augite shows characteristic colour-zoning and seive-
structure.

The fine-grained groundmass resembles that of the
finer phases of the Black Rocks in the floweparallelism
of the labradorite laths and the abundance of magnetite
granules. The analcite crystals are however less distinctl]
defined., Under crossed nicols they appear as irregular
isotropic patchee and streaks in which the felspar is less
abundant, presumably having been to some extent corroded.

The analcite is clear and colourless and contains apatite
needles and minute specks of iron ore in addition to the
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the other rock constituents.

Specimens from some parts of the intrusion do
not show lustrous spots and in section are seen to have
a base of brown glass containing dendrites of iron-ore,
and showing local replacement by analcite and chlorite.
The felspathic content of this phase appears to be similar
Lo that of the holoerystalline phase, suggesting that the
glass represents largely potential analcite.

(h) Eidra.

The island of Fidra lies about % mile offshore
2 miles west of North Berwick. It apparently consists
of a single stock-like intrusion of irregular outline,
the largest diameter exceeding % mile.

The rock is in general dark-coloured and contains
locally well-developed lustrous spots. Slightly coarser
textures are to be observed however, as might be expected
in a mass of this size, the variation being comparable
to that seen in the Black Rocks. A feature of the
intrusion is the occurrence of numerous sedimentary xenoliths,
An analysis of the rock published by Day (1932) is quoted
on p.

The section shows microphenocrysts of both olivine
and augite, the olivine largely fresh. The augite of
the groundmass occurs in well formed granules of larger
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size than is usual among theese rocks. They are associated
with nagnetite usually in grains of comparable size but
occasionally in larger plates having ophitic relations to
both augitec and felspar. A few small biotite flakes
are also present. Analcite has the usual habit, and
the interstices also contain some natrolite calcite and
chlorite.

As in the Gullane sill the coarser phases show a
marked resemblance to the "basaltic teschenites". The
pseudoporphyritic habit of the analeite is no longer
traceable, this mineral merely occupying interstitial
patches as in the latter rocks. The presence of zeolites
also serves to inerease the resemblance. The augite
proportion tends however to be higher than in the teschenites
but a cioae genetic relationship betwecn the two groups
is indicated.

(i) Fernylee.

About 6 miles south-east of Dunbar an intrusion
with basanitic affinities is encountercd, ascociated with
lava and Ash of Cementstone age. It has an elongated
outerop, extending from the neighbourhood of Oldhamstocks
to the farm at Fernylee, a distance of about § mile. It
apparehtly cuts the volecanie rocks trﬁnsgreasively but
exposures are very poor and so conclusive avidence conéerning

the form of the intrusion is lacking. specimena taken
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from stream-side exposures at both ends of the mass
showed no appreciable variation in composition.
Considerable variation in texture was noticed however.
No lustrous spots appear in any of the specimens,

The coarser phases show numerous phenocrysts
of olivine and augite, the former in larger numbers,
and both having an average lenght of about 1.5 mm. The
augite does not show the chrome-diopside cores typical
of the basanites. In the groundmass augite granules
and labradorite laths are present in about equal quantity,
the labradorites reaching a length of 1.5 mm, The latter
mineral is locally zoned to albite, and s ome orthoclage
is present interstitially. Fine needles of apatite
also occur, and small patches of a zeolite, possibly
natrolite, are fairly frequent. Analcite is present
in less amount than is typical of the basanites. It
differs also in habit, being colourless and cloudy and
occurring in interstitial pateches which show no aggregation
into rounded areas. None of the inclusions characteristic
of the primary analcite of the basanites are present.

The whole aspect of the rock and in particular
that of the analcite is strongly reminiscent of the
"basaltic teschenites". The augite occurs in larger
guantity however than in the latter group. It must
therefore be regarded, like the few other occurrences

previously noticed, as transitional between the fine-
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grained pseudoporphyritic type of basanite and the
"basaltic teschenite".type.

Summary of Group II.
The chief characters of therocks of this group
may be summariesd as followsi-

(a) Sufficient felspar is present to lend itself to
the production of flow-structure which is well developed
in several of the intrusions notably Black Rocks, West
Fenton, Garvald, and Yellow Man.

(b) Local abundance of granular magnetite is noticeable
in several cases, particularly Black Rocks, West Fenton
and Garvald.

(¢) Nepheline has been identified in accessory amount
in @wo of the intrusions. In both of these it shows
replacement by chlorite and analcite. Pseudomorphs of
nepheline in these minerals must be practically unrecognis-
able as such and may be present, as yet unobserved, in
several of the other intrusions.

(d) Pseudoporphyritic analcite is well developed in
most cases. [Evidence of resorption of felspar within
the analcite patches has been noted. With a few exceptions
the inclusions in the analcite consist only of apatite
needles and some ilmenite fibrils.
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GROUP IIl.
This group is characterised by.a_diltinct
predominance of femic minerals (mainly augite) over
felsiec. Felspar however is never absent.

Qceurrences.

(a) Limplum, about a mile south-west of Chesters; a
8ill intruded into the Basal Ash of the Volcaniec
Series.

(b) Primrose Bank, near Seacliff (P1.IV); a sill and
two plugs, one of the latter associated with vent-
agglomerate. The surrounding rocks are Cementstone
sediments.

(e) Tantallon Vent (P1.IV); a dyke-like intrusion at
the southern margin of the vent; also blocks in
the agglomerate of the vent which pierces Cement-
stone sediments.

(d) Oxroad Bay Vent (PL.IV)j; blocks in the vent which
pierces Cementstone ash.

(e) Dunbar coast, 1 mile east of the towm; an intrusion
probably a sill, in Cementstone sediments.

(£f) Dunbar, the Dove Rockj a small plug piercing Upper
Old Red Sandstone.

(g) Dunbar Castle; a plug-like intrusion which cuts Upper
0ld Red Sandstone and also traverses a vent piercing

these sediments.
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(h) Weak Law, ¥ mile E. of Black Rocks; a small plug
piercing the trachyte lavas.

(i) Pressmennan, near Stenton; a narrow dyke in the
Upper 0ld Red Sandstone.

(J) Whittinghame, near Stentonj an intrusion of doubt-
ful form, possibly a sill, cutting the Basal Ash,

(k) Gin Heqd Vent (Pl.IV); an irregular veat-intrusion,
the vent piercing sediments of Cementstone age.

{a) The Limplum Sill.

This 8ill constitutes what is probably the largest
occurrence of basanitic rock in Bast Lothian. It is
intruded into the Basal Ash of the Volcanic Series and
lies in a syncline pitching to the south-west. the
arcuate outerop so produced extends from Limplum to Yester,
a distance of about 2 miles, and finds expression topograph-
ically in an elongated ridge which is cut through at about
its mid-point by a fluvio-glacial channel similar to the
one seen at Chesters. In spite of its size natural
exposures along the sill are few and so a‘full study of
the rock cannot be made. Specimens taken from several
points, however, show characters which justify its inclusion
in the melabasanites., The points referred to include
Baro Quarryon the north side of the fluvo-glacial channel;

a small outcrop on the south side of the channel; a
small quarry at Sheriffside Farmj and a knoll in the field
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Just south-west of this farm.

Specimens from the the first three of these
localities are dark and fine-textured in hand & ecimen.
That of the second and also over part of the Baro Quarry
exposure shows lustrous spots on the fresh face. In
the fourth locality the rock is courser in texture and
although it does not show a regular array of spots,
scattered patches are discernible.

In section the finer-grained rocks show numerous
microphenoerysts of olivine, and, in less guantity, of
augite, the latter zomed from central chrome-diopside to
marginal titanaugite.

The augite grains of the groundmass occur in
different sizes and give the rock a characteristic aspect,
larger equidimensional erystals contrasting somewhat with
more plentiful smaller granules. The magnetite grains
are also small, and labradorite occurs in short laths
showing cloudy analcitisation, ©Small prisms of apatite
are also present.

Three types of groundmass base may be distinguished.
In one, which occugg in Sheriffside Quarry and in parts
of' Baro Quarry, the base consists of red-brown glass. The
latter has a refractive index of 1.553 and contains
dendritic growths of iron oxide with typical rectangular
branching, and also slender ragged growths of a brown
mineral, presumably hornblende,
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In other parts of Baro Quarry and in the second
outerop listed above, pseudcporphyritic analeite in
erystals 2-3 mm. in diameter is well developed and as
previously mentioned appears as lustrous spots in hand
specimen, The analcite is clear and colourless or
pale yellowish, each crystal containing, near its outer
margin only, numerous fibrils of ilmenite and some fine
prisms of brown hornblende, The remainder of the base
in these speecimens consists of what appears to be the
devitrified remains of glass, Dendrites of iron ore
and ragged prisms of hornblende are present in a matrix
consisting of a confused aggreggte of cloudy analcite
and chlorite. The clear analcite erystals may represent
the reconstitution of the glass, the latter having been
devitrified by hydration.

In other parts of Baro Quarry no glass is to
be observed and pseudoporphyritic analcite is developed
with a peculiar habit. It is yellowish and is densely
cerowded with the same inclusions as noted above with the
addition of numerous apacite needles. No lustrous spots
appear on the surface possibly because the lustre is
masked by the numerous inclusions.

As compared with the holoerystalline phases the
felspar content of the glassy rocks is appreciably less
indicating that the glass represents potentially both
felspar and analcite.
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The coarser rock occurring in the fourth locality
shows considerable differences in structure from that
elsewhere in the sill. Both olivine and augite occur
in a variely of sizes ranging from groundmass grains to
phenocrysts, the former up to .5 mm. long and the latter
up to 4 mm. The labradorite occurs in .5 mm. laths and
is partly replaced by cloudy analeite. A little orthoclase
is present interstitially. The rock is considerably more
felspathic than the finer phases of the sill, felspar
having increased at the expense of augite. Biotite |
flakes are abundant and snalcilbe occurs both as inter-
stitial patches where it is turbid and free from inclusions,
and as larger pseudoporphyritic areas in which it is clear,
yellowish, and contains the inclusionsnoted sbove with
the addition of green pyroxene needles. These areas
evidently correspond te the lustrous areas on the rock
surface. Some interstitial zeolites are present suggest-
ing the decomposition products of nepheline but no definite
pseudomorphs of this mineral were detected. YWepheline
has, however, been reported from Limplum by Bailey in the
Memoir. This rock apparently froms another example of
a structural type transitional between the fine-grained
basanite characterised by pseudoporphyritic analcite
and the coarser basanitic rocks which have been called

"basaltic teschenites",
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{b) Primrose Bank.

The occurrence of three intrusions at Primrose
Bank near Seacliff (P1.IV) was described by Day (1932).
They include a plug situated in a small vent and occupying
a prominent position in the inner ¢liff, a smaller poorly
exposed plug situated on the shore to the north znd
possibly intruded into an extension of the same vent,
and also a 8i1ll in the cliff to the south-east.

Hardened vent-agglomerate may be seen adhering
to the face of the larger plug. On the weet side however
the igneous rock makes contact with the sandy sediments
of Cementstone age. As contact alteration is not obvious
it has been suggested (Barrow, in the Memoir, and Day 1932)
that these sediments are younger than the iatrusion,
being banked against it., An examination of the cliff-
section revealed considerable disturbance in the sediments
imumediately overlying the intrusion and the presence in
several of the small faults of veine of calcareous and
siliceous material and also a few thin sedimentary dykes
of sandy facies. It secms reasonable to attribute the
disturbance and the mineral veins to intrusion of the
igneous rock into already consolidated stratas The
sedimentary dykes may be of the nature of fault-rubble
or they may indicate a shallow depth of cover at the
time of intrusion.

The three intrusions consist of the same rock
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which in hand specimen is dark and fine-grained with

conspicuous microphenoerysts of augite and numerous
lustrous spots 23 mm. in diameter,

In section the porphyritic augite is seen to
- have the charascteristic colour zoning asnd sieve structure.
Serpeatinised olivine occurs as a few microphenocrysts
and also as grains in the groundmass. The augite
granules -of the latter are of various sizes and are
associated with the usual magnetite grains and small
laths of labradorite. The analcite also occurs in
typical pseudoporphyritic development. Locally,
limonitic pseudomorphs of the rectangularly branched
dendrites typical of glass are seen embedded in chlorite,
suggesting the former presence of glass occurring

sporadically as in the Limplum 8ill.

{e) Tantallon Vent

On the shore, at the southern margin of the
Tantallon Vent (P1.1V) the cliff-line is interrupted
by a projecting scar formed by a dyke-~like intrusion.
The rock has a typical basanitic aspeet, being dark
and fine-grained and showing lustrous spots 2 mm., in
dizmeter.

In section, the rock calls for no special
comment.. Porphyritic olivine and augite are present
in erystals of various sigzes, olivine predominating.
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The groundmass resembles in composition that of the
preceding occurrence except that the analcite crystals
are more vaguely defined and show a tendency to merge
into one another and form irregular stieaks.
Blocke of a similar rock, more decomposed,
were obtained from the agglomerate of the vent.

() Oxrosd Bay Vent.

A small vent was recorded by T.C. Day (1932)
near the southern apex of Oxroad Bay (P1L.IV). A
large number of igneous blocks of typical basanitiec
aspect are to be seen in the agglomerate with which
it is filled. Ins ection these prove to be very
similar to those of the Tantallon intrusion which occurs
&t not many yards distance on the west side of the Bay.
The analcite crystals are however more clearly defined
than in the latter intrusion.

{e) Dunbar Coast.

In the East Lothian Memoir, C.T. Clough described,
on the coast 1 mile east of Dunbar, "a narrow strip of
igneous and sedimentary rocks belonging to the Cement-
stone Group .... bounded by large faults on both sides
and lying between the Upper 0Old Red Sandstone on the
west and the Carboniflerous Limestone series on the east;

two bands of vesicular lava crop out here and give rise
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to conspicuous scars on the shore.... The sediments
with which these igneous rocks occur are to a large
extent composed of greenish-grey shales and fine-grained
while or yellow sandstone .... Their strike is north
and south and they are highly inclined towards the

west. About 300 ft. of them occur on the west side

of the lavas and dipping steeply over them, but it is
tolerably certain they are in reversed order as are

the neighbouring beds belonging to the Upper 0l1d Red
Sandstone and the Carboniferous Limestone on either

side ssss The upper or eastern lava is a basalt of
Dunsapie type."

Clough refers to the western rock as a lava,
deseribing ite vesicular nature and also pointing out
that in section it resembles the monchiguites. This
statement is subsequently advanced as evidence for the
early date of some at least of the monchiquitie rocks
inHast Lothian.

The supposition that the beds are in reversed
order is confirmed by the f act that the Dunsapie lava
is intensely vesicular on the eastern side and much
less so on the other side, indicating that the former is
the top of the flow. This lava is overlaid by red
ashy sediments and is separated from the western rock
by a band of red sandy marl which varies in thickness
from 1 to 5 ft.
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The bulk of the western rock, which has a
thickness of about 12 yds., appears to be in a state
of advances decomposition. It has a greenish-grey
colour and shows on the weathered surface abundant
pale rounded spots of about 2-3 mm, diameter, thus
distlaying the characteristic feature of the analcite
basanites. A few scattered phenocrysts of about 5 mm,
long are seen, and abundant microphenocrysts of the
same mineral, about 1 mm. long, all replaced by red
or dark greenish decomposition products. The rock

Scale, [ in = L»Syds.

Diogrammah'c Plan
Shore, | ml E.. of Dunbar



-96~

is affected more or less throughout its whole mass
by signs of disturbance in the form of abundant inter-
weaving cracks and fissures, filled with calcite and
chlorite, and showing slickensiding along their planes.
They divide the rock into "eyes" of fresher rock
separated by zones of intense chloritic decomposition.
The disturbance is probably associated with the local
faulting. When freshest, the rock is dark-coloured,
has a compact texture, and shows numerous lustrous areas
of the same size as the spots mentioned above, indicating
the presence of pseudoporphyritic analcite. The rock
contains, locally, near the eastern (upper) margin,
sinuous bands of intense vesiculation, the vesicles
being filled with caleite.

The contacts at top and_baso of the rock-body
are largely obscured by boulders and other beach deposits.
Suffieient remaine exposed however to show that the
marly sediments at both contacts have been baked and
marmorised, afld locally bleached. The actual selvage
of the igneous rock is decomposed to a clayey consistency.
Attempts to section them proved unavailing. In hand
specimen however both appear to represent chilled edges.
Neither surface shows an irregular or scoriacious appear=
ance, and the top gives no indication of contemporary
weathering. The vesiculation is moreover of a loecal

character and is more strongly reminiscent of the
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white-trap facies of the Black Rocks than the regular
vesiculation of the lavé flow such as that lying above
it. It has already been mentioned that the band of
marl bewteen the rockes is of various thickness. This
suggesis the possibility of a transgressive contact.
The base of the western rock is clearly seen to pass
transgressively across marls into sandstones in at
least two localities (A and B in diasgram). This may
not be sccepted as conclusive proof of transgressive
intrusion, as it is not inconceivable that a lava might
plough or even erode by its flowage a few broad furrows
in soft sediments.

The accumulated field evidence seems to favour
an intrusive rather than an extrusive character for the
weslern rock. Petrologically it 18 closely related to
Lhe analcite basanites which are not known to occur
anywhere in East Lothian in lava form. If the basanite
magma did occur as such it might be expected that its
high water-content would be manifested in more intense
vesiculation than is displayed by the rock in question.
At all events, the latter cannot be accepted unquestion-
ably as a lava and hence has no value as an indication
of the age of the basanites.

Insection, the olivine phencerysts are seen to

be fairly well shaped and entirely replaced by serpentine
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and limonite. A smaller quantity of augite micro-
phenocrysts is present, showing chrome-diopside
interiors, of'ten v ery corroded,and purplish titaniferous
margins.

The groundmass contains abundant well-developed
gramules of augite and magnetite. The leucocratic
constituents include felspar and felspathoid (nepheline
and analeite) in about equal proportions. The felspar
is largely labradorite in small laths .2 mm. long,
showing no sodic zones. A little interstitial orthoélasc
was detected. The nepheline occurs in priams up to
.7 mne long, whose boundaries are usually vaguely defined
due Lo their ophitic relation to the femic minerals and
labradorite. cmaller prisus occasionally show idio-
morphic outlines against orthoclase. The nepheline thus
appears to have a similar habit to that described by
McRobert (1925) from Southdean. It is entirely replaced
by a faintly yellowish or greenish mineral with plagy
development, & single crystal often occupying a pseudo-
morphes A similar replacement of nepheline is described
from Northern Ayrshire by A.G. MacGregor (1330). This
mineral was determined as uniaxial (or pseudouniaxial)
positive, with positive elongation, straight extinction
with reference to a single cleavage, and a birefringence
in yellow tints. Its refractive indices were found to
be 1.550 and 1,561. It therefore corresponds in all
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respects to zeolite x as described in the Chester rock
(pe 38). Sporadic biotite flakes occur in the fels-
pathic groundmsss and interstitial chlorite is present
in varying amount. Analecite occurs ir the familiar
rounded patches representing single erystals, and
enclesing poecilitically the femic minerals and labrador-
ite. No orthoclase was seen enclosed, and nepheline -
caly at the margin. Fine apatite needles occur through-
out the felspathic and analeitic perts of the groundmass.

The amount of nephelin@ present is abnormal
among the rocks of this group,;being sufficient in this
case to justify the naming of the roeck a nepheline-

analgcite - melabasanite.

{£) Dupbar, The Dove Rogk.

This is the name given to a roughly conical
knell situated on the shore abcout 150 yds. west of
Dunbar Castle. It is formed by a small plug of dark
fine~-textured rock intruded inte Upper Old Red Sandstone.
The hand-specimen shows no lustrous spots, but vague
lustrous streaks may be discerned.

The section reveals a basanitic composition
resembling that of the Tantallon intrusion, Here again
the analeite crystals are poorly defined and show an
even stronger tendency to merge into streaks, a habit
which accounts for the absence of well defined lustrous
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spots ou the rogck face,.

{g) Dunbar Castle.

A prominent feature of the Dunbar coastline is
& high rock, surmcuuled by the Castle, and rising in
steep clifie from the sea which surrounds it on three
sidess This natural fortress consists of the agglomerate
of a vent pierced by an elongated plug-like intrusion of
dark fine-textured rock which alsc traverses the Upper
Cld Redsandstiones for some distance beyond the vent
wargin on the landward side.

Ho lustrous spote are visible oa the rock face.
The section shows numerous micro_phomryst.- of altered
olivine and a few of augite with typical eolourv=zoning,
the chrome~diopeide centres frequently shewing an
unusually bright green tint.

The groundmass augits ocours in squat granules
of v arious sizes, and the small laths of labradorite
ares partily replaced by cloudy analeite. Interstitielly
a little orthoclace is present and a few prisaatic
erystals of a mineral whichresembles nepheline ia appeare
ance and deaompoéition products., A few bilotite flakes
occur and also apatite prisme of similar size to the
felsper leths., The anslecite of the base is turdid
and occurs in veguely defined rounded accumilations
i-2 mm, in dismeter. The absence of lustrous spots
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may be due to the cloudy nsture of the mineral,

To the esst of the vent at Veak Law (T.C.Day,
1925), @ mile north-cast of the Black Rocks = small
plug plerces the trachytic (upper) lsvas of the Volcanie
Succesaion,

The roek specimen has the usual dark compact
appearance but no lustroue spots are visible, in
section an unusual aspect is provided by the ogourrence
of both fresh olivine and augite inc¢ rystals of various
sizes ranging from phenocerysts of 1 mm, in length to
groundmass granules. The felspar occurs in laths up
to 5 mame long. The groundmass appecrs 40 be analeitic
throughout. Irregular areas of clear snaleite contain
abundant ilumenite fibrils and apatite needles, Wuch
of the analeite is cloudy however and effectively masks
any original paeudoporphyritic structure of the clear
variety. |

{1) Pressmenzan.

The Memolr records the occurrence of 2 narrow
dyke in the Upper Cld Red Sandetone near Pressmennan
Loch about 1 mile south of Etenton. The dyke is well
exposed on the banks of a stream on the hillside south
of Woodend House. About § ft. broad it is easily
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distinguished from the horizontally bedded sandatohes
by its pronocunced veritecal platy jointing.

In hand specimen the rock has the familiar
dark fine-grained appearance with the addition how-
ever of a faint brownish resinous tinge suggestive of
alhigh conxeni of analcite. No lustrous spots are
visible. - Fresh olivine of pale honey-yellow colour
is present in numerous microphenocrysts and also
scaltered larger crystals up to 5 mm. long.

In section the absence of porphyritic augite
is noticeable. The augite granules are small amd are
sometimes seen enclosed sub~ophitically in the scattered
magnetite grains. The short laths of labradorite are
associated with a little interstitial orthoclase. Apatite
is present in small well-developed prisms, and a few
flakes of biotite also occur.

The groundmazss base consists of clear yellowish
analcite associated with and partly replaced by chlorite
and colourless cloudy analcite. The clear analcite
contains dense aggregates of ilmenite fibrils and also
"combs" of apatite needles, A suggestion of the
pseudoporphyritic habit is traceable though largely
obscured by the irregular distribution of the cloudy
analcite and chlorite. The absence of lustrous spots
may be due as in parts of the Limplum sill to the

abundance of inclusions.
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£J) Whittinghame.

On the steep northern bank of the Whittinghame
Water, less than a mile west of Stenton, a poorly exposed
intrusion of doubtful form occurs. It is situated in
the Basal Ash and may be a slll but asspecimenscan only
be obtained by digging among the tree-roots its relations
to the surrounding rocks must remain obscure. The
specimens obtained are somewhatl decomposed and do not
show lustrous spots.

Phenocrysts of olivine and augite in equal
quantity are more abundant than is usual among the members
of this group, and form a considerable proportion of the
rock. Both occur in various sizes grading down to ground-
mass granules. The augite shows well-marked colour-zoning
and sieve structure, The groundmess contains the usual
constituents, apatite occurring in prisms of similar size
to the felspar laths. Clear yellowish primary analcite
occurs in rounded areas but it largely replaced by cloudy
analcite and chlorite and ferruginous products which no
doubt prevent its appearance in hand specimen as lustrous
spots.

k) Gin Head Vent.
The vent at Gin Head (Pl.IV) is largely occupied
by an intrusion of irregular form (T.C.Day 1932). In
the main it has the aspect of a plug but its western and
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and northern edges have, locally, sill-like relations to
the vent agglomerate and, in the eastern part of the vent,
the intrusion is observed to send off into the agglomerate
a subsidiary £ill which is well exposed along the cliff
face for about 200 yds. The 1ntrus£on is therefore
probably a plug which has sent off at or near the same
level several sill-like apophyses piercing the agglomerate.

Day described the 1rock as a monchiquite and publish-
ed an analysis which is quoted on p. 109

The rock has the familiar dark compact appearance
but does not show lustrous spots. Numercus micropheno-
eryste of altered olivine are present and, in some parts
of the mass, larger crystals of this mineral up to 1 cm,
in length are plentiful. In such cases the erosion of
the serpentine pseudomorphs gives the rock a pitted
appearance.

The section reveals the presence of a few augite
phenocrysts alsc. The general appearance of the ground-
mass recalls that of the Chesters type. The felspar
however occurs in small partially analcitised laths and
biotite flakes are more numerous. As in several of the
previously deseribed intrusions, the groundmass base
consists of clear and cloudy analeite both in patchy
development. The former contains a few ilmenite fibrils
and apatite needles and any pseudoporphyritic babit has
been obscured by the latler.
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Locally in this intrusion the felspar dwindles
to an accessory amount producing a very augitie rock
which is the nearest approach to a monchiguite encountered
in East Lethian.

It was previously mentioned (p.48) that blocks
of melabasanite of Chesters type occur in the Gin Head
Vent. These resemble the rock of the intrusion in some
respects as indicated above but beyond the fact that they
are of earlier date than the intrusion no definite relation=-
ship between the two types 1s traceables Their close
association however sugzests a cognate origin,

Summary of Group IIL.

In the groundmass of these rocks, since augite
ie the most abundant mineral, its granular habit forms
the dominant structural feature and so flow structure is,
at the best, poorly developed. The concentration of
magnetite grains seen on seversl occasiones in the previous
group is no longer encountered, YNepheline has an ir-
regular distribution and appesrs to be absent in most.
Its former presence in accessory amount is again a
possibility however. Biotite flakes are present in most
of the melabasanites end apatite frequently occurs in
well-developed prisms up %o .5 mm. in length. In several
of the occurrences in this group the pseudoporphyritic
habit of the analcite if either conjectural or poorly
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developed. This effect, as has been explained, is

partly due to replacement by later analcite and chlorite.
5till it cannot be coincidence that so many examples should
occur among the less felspathic rocks. It may be that
augite has increased at the expense of both felspar and
primary analeite. Another occurrence of a type trans-
itional to the basaltic teschenites has been noticed in
this group. An intrusion consisting entirely of such

a rock now falls to be described.

GROUP IV. GLASSY ROCKS.

Two imstances have already been noticed (Garvald
and Limplum) in wheih the groundmsss base of a basanitiec
- intrusion is locally glassy. It was suggested that in
the former the glass represents potential analcite and,
in the latter, potential analcite and felspar.

A few other glassy intrusions occurring in East
Lothian show a strong resemblance, in section, to the above
rocks and are probably therefore of similar composition.
They occur at Cheese Bay, Longskelly Rocks, and Yellow Man
Vent.

Along the shores of Cheese Bay within the distance
of a mile north of the Black Rocks, three small sills occur
intruded into Upper Caleifercus Sandstone sediments. The
most northerly forms the promontory of Eyebroughy Scar.
Each shows well-developed columnar jointing and is dark
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and fine-grained in specimen. Again, just over a mile
east of Eyebroughy a plug is seen intruded into the
Longskelly Vent (Day 1932). Two plug-like intrusions
occur at the western side of the Yellow Man Vent (Day 1927).
In s ection these rocke have a typical basanitic
aspect except that the base consists of brown glass and
the felspar occurs in relatively smaller quantity. Micro-
phenoerysts of labradorite are, moreover, present in the
Yellow Man Rocks. The absolute gquantity of the femie
minerals is comparable to that of the basanites of Group II
and is considerably greater than that of the type Hillhouse
basalt to which these rocks otherwise bear a strong
resemblance. The glass typically coantains the same
inclusions noted in the Garvald and Limplum rocks, namely,
dendrites of iron ore, ragged prisms of brown amphibole,
end sometimes a few necedles of apatite. In the Longskelly
plug the glass is remarkably free from inclusions, a few
iron ore dendrites being the only representatives. This
rock was photographed by Day who also published an analyses,
quoted on p. The resemblance between the inclusions
of the glass and those of the primary analcite of other
basanites lends support to the theory that the former
has a composition approximating to that of unhydrated
analcite, No common value for the refractive indices of
the glasses could be found, those of Limplum and the most

southerly Cheese Bay sill for example having values of 1.553
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and l.526. Both of these are however considerably
greater than the index for anslcite (1.490).

Chemical analyses of specimens from the most
southerly Cheese Bay Sill and the Longskelly Rocks are
quoted below. Comparison with the other analyses listed
shows & close similarity to the basanites of Group II of
this division, thus increasing the probability that these
glassy rocks and also those others mentioned above are of
basanitic composition.
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2 3

4 5]

6

7 8 A

B

S105 42,46 40,71 42,08 42,69 43,05 45,64 44.22 44.01 42,49 46.2

Ti0p 2,87 J.94 2,756 2,07 2,63 2,98 2,70 2,32 2,51 2.5
AlgOg 13,06 14,08 14,19 11.45 14.23 16.57 13,78 17.76 13.85 13.8
Foglg 6.43 6,63 1,04 4,09 4,00 3.87 5,26 2,21 2,59 1,9
FeO TelD 6483 9,98 76l 7407 6,91 7,02 8,78 0,32 9.3
MnO 24 23 17 32 40 (18 29 .1
MgO Be68 G486 10,65 13,64 B.62 6.29 7,51 6,40 11,21 9.5
Ca0 10,66 12,01 ,01lB83 10,37 10,56 9.76 8,71 10,12 9.76 10,0
Nag0 2,77 2,290 2,828 2,37 2,36 2,00 4,38 35,58 2,39 2.5
K0 «84 1.80 «59 77 98 1.86 1,77 1.356 87 1.7
HgO «1059C., ,90 .30; i hae ke bl - A
Hp0 41059, 3.26 35.22) 2,98 2,83 34356 o7
Pg0g 8 V6 79 U6 B8 4B 118 M 61 4
CQ2 Tr. Tre 11 514 1418 408 37 W11 .22 «6
FeSg 26 427 28 27 21 ol
1. (Division A), Chesters Normal Rock. (New Analysis).
Analyst, W,H, Herdsman,
2. do. Chesters, Extreme Permeation Phase., (New
Analyslls. Anglyst, W,H, Herdsman,
Se do, Leithles laccolith., Analyst, T.C. Day.
4, (Division B, Gr.III) Gin Head Intrusion. Analyst, T.C, Day.
S do. Gr, IV) Most southerly sill, Cheese Bay.
Analyst, T.C. Day,
6e do. Gr, IV) Longskelly Rocks. Analyst, T.C, Day.
7 do. Gre. II) Kidlaw Intrusion. Analyst, E.G. Radley.
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8, (Division B, Gr.II), Fidra, Analyst, T7.C., Day.
A, Olivine basalt of Hillhouge typej Sill, Hillhouse
Quarry, near Linlithgow, W, Lothian, Analyst,
; Epao 103'.
B, OUlivine basalt of Dalmeny type. Lava, Quarry 230

yards south of Dalmeny Church, W, Lothlan, Analyst
B.E. Dixon,

Digscussion of A

The differences between the analyses of the
Chesters Normel Rock and the Extreme Permeation Phase
may be interpreted as follows, analysis (2) being dig-
cugsed with comparative alluslons to analysis (1).

810, decreases and AlgOz increases in spite of
an increase in alkali felapar, (reflected in a higher K
value), and a disappearance of calelc plagloclase.

Thesa are explicable when the increased proportion of
nepheline 1s taken into account. The Na value undergoes
little change however, increase in nepheline being offset
by loss of plagloclase, A notable feature is the decrease
in MgO with respect to Cal which actually shows a con-
siderable absolute increase. The loss of MgO is due

to diminution if not dilsappearance of olivine, and the
gain in Ca0 may be explained by the increased lmportance
of augite and also, possibly, by the appearance of
amphibole, Increase in Ti0g is to be expected in view
of the higher titanium content of the augite and probably

also the iron ore. Similarly increase in apatite in the
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extreme phase produces a rise in the Fy0; value.

The Gin Head analysis (4) shows a notable decrease
in Aly05 and increase in Mg0 with respect to the other
melabasanites,. 0f these two changes, the former may
be ascribed to the diminution in felsic material and the
latter to the larger proportion of olivine for which the
rock is notable.

The resemblance of the analyses of the glassy
rocks (5) and (8) to the analyses of the basanites (7)
and (8) strengthens the probability that these rocks are
closely akin to the basanites. The c¢lose correspondence
in the water contents in particular would seem to
indicate that much of the glass is probably potential
analcite,

The transition from melabasaenite to basanite 1is
marked by a rise in both 510, and AlgOg due to increased
proportion of felspar. A slight decline in lig0 reflects
the relatively smaller lmportance of olivine., (a0 and
total iron do not vary much as, though augite decresses,
lime=-felspar and magnetite increase.

A strong similarity exlsts between the analyses
of the melabasanites and that of the Hillhouse basalt
(4), suggesting a close affinity between these two types.
The Dalmeny basalt (B) shows a lowered water content and
an increased silica value as compared with the basanites,

both being changes which are compatible with a reduction
in analcite and an increased proportion of felspar,
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C. LEUCITE-BASANITES (INCLUDING KULAITES).

— - — o -t — — ——

In 1976 De Baiaillia deseribed the first leucite-
bearing rock to be reported from the Scottish Carbo-Permian
Prov;nce. It iz a leucite-basanite and forms two small
plugs in the Car Vent (P1l.IV) and in section (P1l.VIII.3)
showe microphenocryste of augite with'soma olivine and
scattered large hornblendes, in a groundmass of leucite,
augite and magnetite granules and plagioclase laths,
together with some analcite and glass.

Among the slides prepared by T.Cs Day, who desecribed
the vent (1932) one of the ash shows fregments of & fine-
grained modification of the basanite. Though theme are
highly decomposed, thé leucites, pseudomorphed by analcite,
remain relatively cle#r and preserve their shape and
characteristic inclusions (Pl.1X.3).

In a few other rocks of Bast Lothian the presence
of small rounded, hexagonal or octagonal structures com-
posed of analecite and containing the zoned inclusions
characteristic of leucite was noticeds They resemble
exactly those of the Car Vent and as Balsillie has pointed
out present the same appearance as those occurring in

continental leucite-bearing rocks. In many of the laths
and also in cases reported from other parts of the world
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particularly America the leucite is also completely
replaced by analcite, and the question has been raised
by Washington (1914) and others as to whether leucite
did actually exist in these rocks. The occurrences
of the mineral in East Lothian are, naturally, open to
the same doubte. Before discussing this question
however, accounts of the different rocks concerned will

be given

(a) North Berwick; leucite-kulaite lavas.

(b) North Berwick, the lecks shore; blocks of leucite-

bvasanite in an agglomerate bed.

(¢) Garvald Mains; a loose block of leucite-

melabasanite.

(d) The Yellow lMan Vent; & block of leucite-basanite

in the vent agglomerate.

(e) Traprain law; inclusions containing pseudoleucites.
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(a) Leucite - Xulalte Iavas,

North Berwick.

A brief account has already been given (p. 43)
of the rocky stretch, known as the Lecks, on the North
Berwick shore. It was mentioned that the red ash dips
towards the northewest and is overlald by the lavas which
form the promontory at the harbour, In the lMemoir,
mention is made (pp. 71-72) of a thin greatly decomposed
lava flow interbedded in the ashy sediments and occurring
a few yards to the east of the outerop of the main mass
of lavas. An examinatlion of the aree revealed the
presence of three thin lava flows occupying a band 20-30
yards broad (PL.,VII) and separated from the overlying
lava pile by about 3 yards of sediments consisting of red
ashy marl with a basal agglomerate layer about a yard
thick., A similar bed of agglomerate occurs below the
lavas, both beds containing Iragments a few inches in
dlameter of the same material as the lavas. No sedimentary
intercalatlions occur between the flows, though the upper
surface of the second flow in particular shows reddening
due apparently to contemporaneous weathering, All three
flows are highly vesicular throughout except for a thin
band of less vesicular rock near the base of each, These
bands heve a variable thickness, that of the lowest flow
seldoyp exceeding 1l ft. while that of the gecond flow
reaches locally a thlckness of 3 ft, The topmost flow
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is peculiar in pogseasing hexagonal columnar jointing

perpendicular to the plane of dip, The vesicular
nature of the lavas render them little more resistant to
deundation than the red ash and so they rise but slightly
above the general level of the rocky flat, The base

of the lowest lava is very uneven and consequently,
levelling of the shore has exposed the underlying
agclomerate in several embayments in the outerop, MNore-
over, the lowest flow, in the northern part of the outcrop
is exposed only on the side of a small gully which follows
the strike, This flow is about 1 yard in thickness,

the others being botl; about 3«4 yards thick, The
vesicular portions of each are dark red in colour, with
paler calcarious vesicles, and are greatly decomposed.

The less vesicular bands are considerably fresher and
hand specimens from the three flows have an exactly
similar appearance,

The rock is fine~textured and has a dark purplish
tint with, locally, reddish streaks where alteration is
more advanced. Iocally, also, the rock is mottled
by pale greenish yellow spots of various sizes, apparently
repregenting the effects of bleaching, Microphenocrysts
of prismatic hornblende occur up to 3 mm, in length.

They may be black or dark red in colour or contain a
streaky mixture of light and dark products, according to
the different degrees and modes of alteration.

In gection, the laves are 80 closely simllar
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that a single description will suffice,

The structure (PL.VIII., 2) is microporphyritic,
the most abundant phenocrysts being idiomorphic prisms
of hormblende showing almost complete conversion to
granular titaniferous magnetite which, in turn, has
locally decomposed to a dendritic intergrowth of limonite
and leucoxene, Remmants of the original amphibole
have been replaced by green chlorite and a peculiar light
browvnlsh serpentine. This mineral 1is associated with
some light coloured cloudy material, probably leucoxene,
Both together are responsible for the light streaks in
the hornblende prisms noticed in hand specimen, The
hornblendes reach a length of 2,5 mm, and a diameter of
over .5 mu, Their resorption with precipitation of
magnetite must have occurred before the erystallisation
of the felspar as this minersl is seen to occur inter-
stitially to the iron ore granules in the pseudomorphs.
The hornblende encloses prisms of cloudy apatite up to
«2 mm, in diameter, These have rounded, somewhat
irregular outlines, as i1f they had undergone corrosion,
Similar stout prisms, generally about ,5 mm, long occur
scattered thyroughout the groundmass.

A smaller number of olivine phenocrysts are
represented by pseudomorphs of limonite, colourless
serpentine, pink chlorite and calecite,

Idiomorphlc augite phenocrysts are represented

by pseudomorphs having the typical eight-sided section
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and consisbing mainly of brownligh serpentine and
limonite.

Granitic xenocrysts, including fragments of
quartgz, orthoclase, microcline and oligoclase occur
sporadically throughout the rock.

The fine-grained groundmass, which 1g in a
considerably decomposed conditlon consists of leucite,
plagloclase and granular auglte and magnetite., A few
nesdles of apatite and some ilnterstitlal analcite,
chlorite, and limonite are present. The augite 1s
represented by small pseudomorphs consisting of material
gimilar to that in thelr counterparts among the pheno-
crysta, Granular magnetite is fairly abundant and is
largely converted to limonite, The felspar consists of
sbundant small laths of a plagloclase having a refractive
index which corresponds to oligoclase~audesine. The
crystals frequently have a narrow zone of albite
marginally, A little orthoclase occurs Interstitially.

The leucite appears in the characterilstic
rounded sections up to 3 nm, diameter (Pl,IX No.,2).

In gpecimen from the middle of the lava flow the leucite
is found to be approximately equal to the felspar in
bulk, while in the less veslcular gzone near the base it
occurs in somewhat amaller proportlon, It contains
inclusions of numerous dark specks arranged in concentric
rings and wreaths, typically surrouncding a dense central

group, Small microlites of felspar are also included
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especially near the margin, and are orientated tangentially.

Occasionally, octahedral arrangement of the inclusions
is seen. The leucite has been entirely replaced by a
clear faintly yellowish analcite of refractive index
1,490, Colourless or brownish analcite, usually cloudy,
occurs interstitially to the minerals of the groundmass,
It containg fine apatite needles and 1s sssoglated with
some chlorite and ferrite,

A few slides of the Blalkie Heugh kulaite
(described by Bailey in the liemoir) were examined and
for purposes of comparison with the Lecks rock one of
approximately equal grain size was selected, This slide
shows the true kulaitic character of distinct predominance
of hornblende over augite, a condition which is not
obvious, if it exists at all, in some of the coarser
specimens of thls rock.

A striking similarity to the Lecks rock is at
once apparent, The hornblende however is in slightly
larger proportion and shows occasional remmants of the
fresh ninorﬂ, but otherwise corresponds in every respect
to that of the Lecks rock, Its aasscciation with cloudy
apatite and the occurrence of this mineral in the
groundmass are also identical., Again, the groundmass
minerals and thelr development are strikingly similar
in both roeks, In particular, the occurrence in the
Blaikle Heugh rock of nmumerous small leucites of similar

size to those of the Lecks is noticeable. Here also
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Explanation of Plate VII1I.

1. (Ordinary light x 40). The Lecks, North Berwick.
Leucite-basanite bloeck in agslomerate band.

Phenocryste of olivine altered to serpentine and
limonite. The light areas are calcite-filled vesicles.
A few leoucites may be seen in the fine grained groundmass.

2+ (Ordinary light x 40). The Lecks, North Berwick.
Leucite-~kulaite lava.

Porphyritie hornblende (dark) with included apatite
prisme (upper central phenggaﬁgt). Indistinet outlines
of altered microphenocrysts,oh upper margin (to the right)
and in upper left quadrant (2 erystals). A few of the
small leucites of the groundmass are distinguishable (as
in part of lower field). Pl.IX.2. photographed from this
slide.

3+ (Ordinary light x 20). Leucite-Basanite, Car Vent
(Balsillie 1936).

Phenocrysts of augite, and (on right) of olivine.
Numerous round light spots in groundmass are leucite. A
good example occurs between the two phenocrysts on the
upper left.

4. (Ordinary light x 15). Traprain law. Xenolith (or
autolith).

Phenocrysts (dark) of fresh hornblende. Rounded
light areas are possible pseudoleucites and consist of
orthoclase and nepheline in intimate intergrowth. A
few laths of hornblende occur in the groundmess but most
of the dark rods are augite prisms with included magnetite
graines.
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the mineral has been replaced by analcite but the zonal
arrangement of the inclusions is still preserved though
not in such perfection as in the Lecks lavas, Incidentally
these leucite pseudomorphs are to be seen in larger |
size but more scattered occurrence in the coarser kulaite
gspecimens from the same locality. In many of these
the zoning of the inclusions has been cbviously partly
destroyed during the replacement by analcite and hence
it is possible that the visible pseudomorphs may represent
only a part of the original leucite content, The ae
pseudomorphs are doubtless those referred to as possible
pseudoleucites by Balley.

It appears therefore that the Blalkie Heugh rock
1s in part at least a true leucite~kulalte and by
analogy it is proposed to apply this name to the Lecks
lavas also, although in absence of fresh material the
true proportions of hornblende and auglte can only be
roughly debtermined.

Mention has already been made (p. 43) of a band
of agzlomerate ocecurring in the ash of the Lecks at
North Berwick, and containing blocks of ash and igneous
rock. The band outerops about 30 yards east of the

rulaite lavas (P1.VII) end is about 2 yards thick. The
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ash of the blocks closely resembles that of lower horizons
in the Lecks. The igneous blocks occur in various sizes
up to 1 ft. in diameter and do not have the structure of
bombs.

The rock is fine-grained and is seldom free from
vesicles, some specimens being highly vesicular (P1.VIII.1.).
The frechest specimens are dark coloured with a purplish
tinge and show numerous somewhat elongated microphenoerysts
of olivine altered to a red-brown substance. Some
specimens are light buff or greenish in colour and are
seen in microsection to be intensely calcified and
chloritised. Their aspect both in specimen and section
recalls that of the bleached spots in the kulaites as in
both cases the dark ferruginous matter in the groundmass
has been completely removed.

In section, the olivine mierophenoerysts which
average «5 mm. in length show well-formed outlines,
little resorption being évident. Their tendency to
elongated development has already been mentioned. Sporadic
large olivines up to 5 mm. long occur also, The mineral
is completely replaced by pale green or yellow-brown
serpentine, the pseudomorphs having & border of limonite.
It therefore resembles both in habit and alteration the

development of the phenoerysts in the Lecks Vent plugs.

Augite microphenocrysts occur in smaller numbers. They
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are frequently perfectly euhedral and are replaced by
calcite.

The groundmass is of fine texture and bears a
close resemblance to that of the leucite-kulaites of the
Lecks. The numerous small laths of felspar Rave a
refractive index corresponding to oligoclase-audesine,
the laths being bordercd by narrow zones of more sodic
composition. Leucites are present (P1.VIII,1) with
the characteristic inclusions. They tend to be slightly
larger and less frequent than in the kulaites, and, as
in the latter are completely replaced by analcite. The
renainder of the groundmass consists of augite granules
replaced by caleite and chlorite, magnetite grains
represented by limonite specks, numerous fine needles of
apatite and a considerable number of biotite flakes.
Analecite, chlorite and ferruginous matter occupy the
interstices.

The rock is therefore a leugite-baaanite and
appears to have distinet affinities to the leucite-kulaites
of the same neighbourhood. Blocks of this basanite
occur also in the Lecks Vent and lapilli of the rock are
to be found at various levels throughout the red ash both

in the Lecks (where the agzglomerate band marks its highest

occurrence) and in the exposures near Point Garry,
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half-a-mile to the west. Its presence in the vent is of
doubtful significance. The blocks are few and may
possibly have originated by disruption of previously formed
agglomerate. In the absence of an extrusive or intrusive
representative, the origin of the fock must remain obscure.
It can only be inferred, from the wide distribution of the
lapilli both horizontally and vertically, that it emanated
from a volcano of important size - the source of much if
not all of the local red ash.

It is interesting to note that thié third volecanic
occurrence of leucite is also among the earliest mani-
festations of Carboniferous Volcanic activity, being in
fact older than the leucite-kulaites in the North Berwick
district at least.

There is some evidence to support the suggestion
that the agglomerate band in the Lecks owes its origin to
the activity of the nearby vent. The contents in both
are of similar material, igneous blocks'being, however,
more numerous in the band. The origin of the blocks
themselves would have to be attributed to the disruption
of a small vent plug or minor crater-flow of lava. They
are too numerous to be accounted for by disruption of lower

blodkbbearing zones and as they have not the structure of

bombs they must have formed parts of some previously

solidified rock-body.
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In the account of The Lacks Vent on p.y3 , & row
of foundered blocks was deseribed as lining its western
margine loreover the blocks had to a certain extent
consolidated though it was pointed out that no long interval
separated their deposition and disturbance. The date of
the vent's final explogive activity is limited in another
direetion when it is considered that its agglomerate contains
no blocks of kulaite or of any of the overlying lavas. It
is therefore permissible to conclude that the explosive
activity had ceased before the extrusion of the kulaites.
Thus, even supposing that the agzlomerate band in the Lecks
did not exist, the converging lines of evidence outlined
above would indicate its approximate horizon as that at
which the final explosions of the vent occurred. Also
the possibility must not be overlooked that the band
represents the entire explosive activity of the vent.
Incidentally, as the vent plugs are of later emplacement,
the above evidence limits in one direction the date of this

occurrence of the Chesters type of melabasanite.

(e) Gerveld Mains Boulder.

A loose block occurring on the steep western side
of the basanite outerop at Garvald Mains was found in

section to contain structures resembling small leucites.

Numerous mierophenocrysts of fresh olivine and
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augite are present, both oeccurring in various stages. The
groundmass consists of augite granules also of different
sizes, associated with labradorite laths, both of these
minerals occurring in melabasanite quantity. Abundant
small magnetite grains are also present. Nepheline
occurs in minor amount in plates up to 1 mm. long, having
poecilitic relations to the minerals mentioned above.
A little alkali felspar occurs interstitially and biotite
flakes up to .5 mm. in diameter and also with poecilitic
habit are fairly frequent, giving the rock a distinctive
appearances

Fairly numerous small clear areas occur, having
central groups and rings of inclusions and occasionally
showing six- and eight-sided outlines. They occur typicelly
in clusters and consist largely of analecite of refractive
index 1.490. Buhedral outlines against alkali felsper
and possible also nepheline may be detected. The mineral
may also be seen enclosed in biotite flakes. MNany of
these small individuals, which probably represent leucite
crystals, have apparently been rounded by resorption, others
are seen to contain remnants of an isotropic mineral of
higher refractive index than the analcite and which possibly
represents traces of the original leuecite,

Texturally the rock resembles more the finer

holoerystalline Limplum types than the Garvald rock. More
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megnetite is present however than in the former locality,
the content and habit of this mineral closely resembling

its occurrence in the latter intrusion. Boulders of

the Chesters rock were discovered in close association

with the erratic in question, so that ice-transport from

a western (i.es Limplum and Chesters) direction is indicated.
Its origin is by no means established however and so, in
absence of better cxposures of both Limplum and Garvald
intrusions, must be left in doubt.

(a) The Yellow Men Vent.

Among the microsections in the T.C. Day collection
placed at my disposal, one of a block from the agglomerate
in the Yellow Man Vent merits some deseription.

Microphenocrysts of olivine and augite are present
in a groundmass of augite granules, labradorite laths and
abundant small magnetite grains. The olivine, augite and
labradorite have been replaced by calecite and chlorite.
The groundmass contains much orange-red cloudy analcite
which may be seen to form hexagonal prismatic pseudomorphs
sometimes euhedral against and sometimes intergrown with
albite, and which therefore probably replaces nepheline.
The remainder of the groundmass is occupied by .clear

yellowish analcite which contains small clear areas
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characterised by zoned inclusions (Pl. IX.1) and bearing
a strong superficial resemblance to leucite crystals. No
definite outlines were detected and a refractive index
determination gave the value 1.490,

Except for the leucite, the rock appears to resemble
in composition some of the more nepheline-rich modifications
of Chesters, but owing to its decomposed state, its
affinities cannot be determined with any accuracy.

(e) Traprain law Inclusions.

The phonolite laccolith of Traprain law contains,
besides occasional xenoliths of sedimentary rocks (Day
and others), fairly numerous inclusions of a dark igneous
rock. The latter occurs as rounded masses up to 1 ft.
in diameter or as streaks drawn out parallel to the
pronounced flow-banding which is a feature of the phonolite.
These streaks frequently exceed 1 yard in length.

The rock of these inclusions is seen in hand
specimen to contain scattered phencerysts of sanidine up
to 1 mm. in length and also a few black prismatic micro-
phenocrysts. The most noticeable feature however is the
presence of numerous rounded white or pinkish spots of an
average diameter of 2 mm, Several of these show distinct

gix-sided outlines, others being oval in outline due to flow.
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In section, the rock (P1l.VIII, 4) is seen to be
moderately fine-grained. The large mineral constituents
include, besides the phenocrysts of sanidine already alluded
to, several syenitic aggregates of orthoclase, albite and
some segirine-augite, a few large prismatic pyroxenes up to
4 mme long, scattered grains of magnetite .5 mmes in diameter,
and prisms of brown hornblende up to 5 mm. in length. The
pyroxene has the extinetion angle of ordinary augite but
has pleochroism from pink to green. Both it and the
hornblende enclose large cloudy apatite prisms up to 2 mm.
in diameter, which also occur scattered through the ground-
mass. The hornblende occurs typically in clusters of
prisms which are seen in all stages of replacement by pale
green augite, this process inveolving also the precipitation
of magnetite grains which are enclosed in rows in the ragged
prisms of the augite.

The matrix of the groundmass consists of small
interlocking plates of soda-orthoclase associated with a
little nepheline analcite and sodalite, the latter showing
occasionally & pale blue tint. The ferromagnesian
minerals comprise & few hornblende prisms showing partial
replacement by augite and magnetite, occasional partly
corroded prisms of fayalite, a few biotite flakes, and
numerous somewhat ragged prisms of pale green augite

associated with, and enclosing in the menner described above,
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abundant granules of magnetite, When the abnormal habit
of the augite is considered this association with megnetite
can have but one significance namely, that these augites
replace prisms of hornblende, the process being illustrated
in the alteration of the hormblende phenocrysts.

The numerous light spots are seen in section to
consist of rounded areas sometimes bounded by imperfect
six- and eight-sided outlines and occupied by intimate
intergrowths of orthoclase and nepheline. The interdigitate
structure typical of pseudoleucites is commonly developeds
Occasional green augite and fayalite crystals are enclosed
marginally, the former sometimes occurring as radiating
neecles growing from the surrounding rock. The nepheline
is partly decomposed to analcite and thomsonite or zeolite x.
When the composition of these structures is considered along
with their shape, uniform size, and even distribution
throughout the rock, it seems that they must almost certainly
be true pseudoleucites.

It 1s difficult to trace the affinities of these
inclusions. In some cases at least they were in a plastic
state in the molten phonolite so that ample opportunity
wae afforded for considerable reconstitution or'their
contents. It appears that they once possessed a content

of hornmblende comparable to that of the kulaites or of
certain of the lamprophyres. The felspar of the original
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Explenstion of Plate IX,

1. (Ordinary light x 230). Yellow Man Vent. Block
of leucite-basanite.

Centre, leucite crystal with zoned inclusions and
imperfeet outline, pseudomorphed by analcite. Uppear
olivine phenoeryst replaced by calcite. Groundmase
of granular augite and magnetite.

2« (Ordinary light =x 230). The Lecks, North Berwick.
Leucite~kulaite lava.

Leucite crystal (Psecudomorphed by analeite) showing
hexagonal outline and zoned inclusions. The dark zones
contain abundant magnetite specks. Smell labradorite
laths, tangentially arranged, may be seen in the clearer
arecae :

3¢ (Ordinary light x 230). The Car Vent. Fragment
of leucite-basanite in ash).

Buhedral leucite pseudomorph in greatly decomposed
fine-grained basanite.

4 (Ordinary light x 80). Kidlaw Plug. MNarginal

ZOone.

Typical analecite crystal with central leucite-like
structure. The latter in this case occupiee half the
diemeter of the analcite.
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groundmass, unless it already consisted of alkali felspar,
was probably entirely replaced. The small fayalites may
be original in which case affinity to the phonolite is
indicated. The presence of large sanidine phenoerysts
supports this as does also the high potash content indicated
by the leucites. The large hornblendes might also be
mentioned in this connection as certein phases of the
phonolite such as that developed at Hairy Craig contain
large hornblendes associated in the same way with cloudy
apatite. Incidentally, Bailey reports from this locality
"eertain zeolitic patches with a concentric zonal arrange-
ment of felspar microlites". These have not been
investigated further but the deseription strongly suggests
pseudoleucite, It is possible therefore that these
inclusions are cognate xenoliths or autoliths, their
parent body having been disrupted during the injection of
the phonolite, Some affinity to the kulaites and hence

a genetic relation between these and the phonolite is also

suggested.

Discussion.
Considering appearance alone, the "pseudoleucites"
in the above occurrences resemble very closely the habit

of leucite as displayed in German, Italian, and American
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leucite-~bearing rocks. For purposes of comparison,
a gbtudy was made of the leucite in certain Bohemian
and Neapolitan lavas. In some cases the crystals
of the mineral were well-formed occurring as clear
circular areas with numerous minute inclusions grouped
in central clusters, concentric rings or in radiating
formation, In other rocks it was noticed that only
about one in ten of the leucites had the characteristic
form and zoning. The rest, owing to the sub-ophitic
relations they bore to the other groundmass minerals
particularly augite, had a sub=circular agpect and
often contained very few vaguely orientated inclusions.
In other rocks, again, the rounded remnants of partly
resorbed leucites, sometimes devoid of inclusions
appeared as small clear patches embedded in the felspar.
On the above standards, the leucites of the Blalkie
Heugh and lLecks kulaites, the Lecks basanite, and the
Car Vent are on the average exceptionally well-formed
whille those of the Garvald and Yellow lMan blocks and
the Kidlaw plug are no more imperfect than the average
continental occurrence. Thus, as far as form is concerned
there 1s no objection to the struetures in these rocks
being leucites.

Again, in many of the Continental and American
rocks, the leucite has been replaced by analcite leaving
the arrangement of inclusions unaffected, It has been

shown (Lemberg and others) that this change 1s readily
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effected at temperatures of 180-195° C. by solutions

of the chloride or carbonate of sodium, Thus, as there
must be a fair probability of these conditions beling
fulfilled in a cooling lava or small intrusion it is not
surprising that in so many "leucite" ogcurrences the
alteration has occurred. Cross (1879) and Washington
(1914), in accounts of such cases from Colorado and
Sardinia respectively point out that potash in the rocks
i1s shown by analyses to wccur in totally insignificant
amount as compared with the quantity represented by the
pseudoleucites. Un these grounds, they suggest that
the analcite originally crystallised in the semblance of
leucite, the fresh condition of the rocks being held to
preclude the poasibillity that replacement had taken place.
As regards the dlsposal of the potash, however, the
latter might easlly be removed by the liquor which is
responsgible for the change. The very existence of
abundant analcite 1s a rock testifles to the former
presence of much sodic aequeous liquid, Moreover the
potash is not wholly removed butb 18 incorporated in
varying small amount in the analcite. The fact therefore
that anslecite occurs in s rock in the form of numerous
leucitohedrous forms no indigputable grouvnds for doubting
that leucite 1ltself once occupled these structures.
Another possibility, namely that these leucite-
like pseudomorphs crystallised originally as an intermedilate

mineral in the leucite~analcite isomorphous serles, has
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been suggested by Viashington and others, In the light
of recent work by ILarsen and Bule this possibility must
be envisaged in connection with the oeccurrence of pseudo=-
porphyritic analeite in the basanites, in particular

that of Kidlaw. It was mentloned (p. 59 ) that in the
narginal phase of this rock, the analclte crystals
contain a leucite-like structure at the care, In these
structures a central knot of inclusions is invariably
present (Pl,IX, 4) and hexagonal sections are not
infrequent. A noticeable feature is the gradual loss
of definition with increasing coarseness of rock texture.
A parallel instance may be that reported from Rathjordan
in Ireland by Prior (1910). The rock concerned is

one of the Limerick suite and belongs to the same province
and period as the East Lothlan rocks. It contains
phenocrysts of olivine augite and felspar in a grou_ndmnas
of augite and magnetite grains with a base of clear
analcite, The latter contains small scattered areas
containing zoned inclusions and resembling leucites,.
Moreover these areas are sometimes seen to be separated
from the surrounding analcite by a distant octagonal
ocutline although the composition of the mineral inside
and beyond the pseudomorph is apparently identical. No
mention is made in the paper of pseudoporphyritic analcite
crystals or gradations in dlstinctness of these structures.

This case cannot therefore be cited as an exact parallel

to that of Kidlaw and may even belong to the category
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of true pseudoleucite-bearing rocks. The rock is,

however, similar in many respects to the East Lothlan
basanites and is therefore cited here as a possible
analogous instance of the feature under discussions This
feature 1s not susceptible of such a simple explanation
ag that given for the other occurrences of pseudoleucite
deseribed above, The impression created 1s that the
graded series of structures, in the Kidlaw rock, from
typical leucltohedron to vague analcite crystal, represent
the traces in varying degrees of preservation of the
earlier member (or members) of a reaction pair (or series).
It is generally accepted that an lsomorphous series
exlsts of which the end members are leucite and analcite.
The fact that analcite is hydrated forms no obstacle
aince Friedel (1896) has demonstrated that wabter does

not constitute an essential part of the erystalline
molecule, the latter being similar to that of leucite.
Analeite is also known to contain varying small pro-
portions of potash. The existence in nature of other
intermediate members of the series was unlnown untill
Larsen and Bule (1938) published an account of the
occurrences of potash analcite in the Highwood Mountains.
The mineral is described as "a clear glassy potash
analeite which has the form and appearance of leuclte
but lacks twinning and has a refractive index of 1,493,"
Analysis shows 4.5% Ky0. Since all low temperabture

analcite is poor in potash and it 1s known that potash
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and soda veplace each other to a greater extent at high

temperatures, these authors conclude that potash analclte
is a high temperature product. The mineral is rarely
found fresh and 1s seen to decompose to a cloudy amorphous
material and orthoclase. In the same paper, reasons

are glven for suspecting the existence of other analcites
still richer in potash.

This discovery reveals that both the refractive
index of analelte and its power to orientate inclusions
rise with increasing content of potash, It also
indicates that in certain clrcumstances, notably the
presence of water, therternary system silica-nepheline-
kaliophilite contains an analeite field., The temperature
relations of potash and soda analcites are not clear, .
but possibly include several discontinuous reaction
points.

It is suggested that the structures in the Kidlaw
roek are due to the previous crystallisation of an
analcite slightly richer in potash than that now seen
in the rock. This mineral, exerting a stronger crystal
' wharacter" concentrated and controlled its inclusions
in the manner of leuclte, When the temperature fell
to a certain point more svdic analcite was precipiltated
and regorption of the potassic mineral commenced, In
the centre parts of the roeck-body there was sufficient
time for complete resorption of the latter mineral with

removal of any structural traces of lts presence, In
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the more quickly cooled marginal zones the sodic
analcite was precipitated upon the earlier mineral before
the latter had been resorbed, thus preserving in all
degrees of completeness the leucite-like structure.
Subsequently the "imprisoned" mineral was replaced
piecemeal by the sodic analcite in the same manner as
leucite is replaced.

As regards the chemical possibility of the
occurrence of leucite in these >ocks, little can be said
in the absence of chemical analysis and also in view
of the alterations in composition of the rock, notably
the apparent removal of much of the potash of the leucite,
since the latter mineral crystallised. As far as
can be estimated however, the rocks lie within the
compositional limits imposed by various investigatora
chiefly Washington (1907) and Bowen (1928).

<n conclusion, the remark of Balsillie, that
it is not unlikely that other occurrences of leucite
would be reported from Central Scotland, may be endorsed
with a fair degree of confidence. In such an alkaline
suite of rocks a wider distribution of this mineral
might be expected. The fact that it has not been more
often reported may be due to a tendency to occur in one
or more of the "unobtrusive" modes previously mentioned
as characterising some of the leucite occurrences on

the Continent.
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